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Digitized by the Internet Archive 
in 2023 with funding from 
University of Toronto 


https://archive.org/details/31/61118922780 


The photo shows a mobile 700-kV resonant 
reactor system and its voltage divider 
being prepared for overvoltage tests to 
verify the integrity and reliability of 
SF.-insulated bus-duct and switchgear at 
Claireville Transformer Station. This station, 
located just northwest of Metropolitan 
Toronto, is a key point in Ontario Hydro’s 
growing 500-kV transmission system that 
carries power from large generating 
complexes, such as the Bruce Nuclear 
Power Development and the northern 
hydro-electric generating stations on the 

| Abitibi and Mattagami Rivers to connections 
with the 230-kV system and load centres 
in southern Ontario. 
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Vice-President’s Message 


ntario Hydro is one of the 
largest electrical utilities in 
the world and one of the best 
in terms of efficiency, 
economy and reliability. Its 
power system includes hydro-electric, 
fossil-fired and nuclear-fuelled generating 
stations with a total dependable capacity 
of 24 291 megawatts, and a delivery 
system that extends throughout most of 
the inhabited parts of the province. In 
1985, the Corporation used these facilities 
to make available 109 million megawatt 
hours of electricity for distribution with 
the cooperation of 316 municipal utilities 
to about 3 165 000 ultimate customers. 


Ontario Hydro does more than just 
maintain and operate its power system. It 
also undertakes much of the design and 
construction necessary to meet growth in 
requirements and to replace obsolete 
facilities. The Research Division provides 
technological leadership and support and 
is often involved in the development and 
application of devices and processes that 
are specifically designed to meet Ontario 
Hydro requirements. Many of these 
applications involve Ontario industry and 
some find markets elsewhere, creating 
revenue and jobs. 


The transfer of technology between 
Hydro and industry has been going on 
since Ontario Hydro was founded in 
1906 and has greatly benefited the 
province. A number of transfers in which 
the Research Division has participated 
are described in the pages that follow. 
One, the OH-180 programmable controller, 
is featured on page 44. 
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Vice-President 
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With the cooperation of the Hu 
Resources Branch, Division m 
finalized development and obtaine 
approval for implementation of a 
ladder’’ concept. This provides senio 
scientific and engineering staff with 
option of a career course that frees them 


hindrance from administrative 
responsibilities. 


In addition, 1985 saw the establishment 
of an awards program intended to 
recognize outstanding contributions by 
laboratory staff in the fields of technology 
and management. The program 
commemorates the contributions. of the 
men for whom two of the awards were 
named - Dr. W.P. Dobson, pioneer 
Director of Research, and Dr. H.A. 
Smith, who oversaw development of 
Ontario Hydro’s nuclear program. 


During the year the Division continued 
to provide the usual high calibre of 
support to Ontario Hydro in meeting and 
resolving problems encountered in the 
ongoing operation of the power system. I 
am pleased to record my appreciation of 
the dedication and hard work of the 
Division’s managers and staff. 
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Director of Research 


Research Departments 


Support functions required for smooth 
operation of the Division are provided 
under the guidance of J.B. (Bruce) 
Brown, manager of the Divisional 
Services Department. These include 
accounting, secretarial, clerical, word 
processing, photographic and editorial 
services. Technical support is supplied 
by a drafting office and a model shop. 


O.A. (Allan) Kupcis, manager of the 
Chemical Research Department, 
oversees research in the chemical, 
biological and environmental disciplines. 
Work ranges from provision of analytical 
chemical services to investigation of 
methods for control of acid rain and 
other pollutants. 


T.W. (Tony) Klym, manager of the 
Civil Research Department, is 
responsible for research, testing and 
inspection involving soils, rock and 
concrete. Activities include engineering 
assistance in the selection of sites for 
new facilities, optimization of the strength 
and durability of concrete, and evaluation 
of the mechanical properties of large 
rock masses. 


Identification of new research 
opportunities and initiation and 
coordination of research activities within 
the Division and in collaboration with 
outside organizations are two important 
functions of the Divisional Projects 
Department managed by J.G. (Jack) 
Cassan. 


Mr. Cassan also acts as manager of 
the Operations Research Department, 


which provides consulting services to all Under the leadership of J. (Jim) 
units of Ontario Hydro in areas of Brown, the Metallurgical Research 
operations research, statistics and reliability Department explores many areas of 
assessments. This Department also physical metallurgy and materials science. 
provides computer support services to Work includes evaluation of the integrity 
the Division. of components in nuclear and thermal 
plants, corrosion studies, fracture 

A.F. (Anton) Baljet manages the mechanics analyses, and nondestructive 

Electrical Research Department. The testing and evaluation. 


work of this group ranges from the 
solution of problems affecting the operation 
of the power system to studies of new 
and efficient uses of electrical energy. 
New applications of electronics in the 
power system are developed. 


The Mechanical Research 
Department, managed by G.J. (Gord) 
Clarke, is responsible for improving the 
performance, reliability and safety of 
components and mechanical processes 
used in the generation, transmission and 
distribution of electricity. The work 
includes studies of machine dynamics, 
and full-scale testing and stress analyses 
of structural components. 
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Generation 


ntario Hydro is fortunate to 
have a large, diverse and 
effective resource of generating 
facilities. In 1985, the 
Corporation generated 

115 824 000 MW°h of electricity - 

48 459 000 MWh at nuclear stations, 

29 941 000 MW‘h at fossil-fired 

stations and 37 424 000 MWh at 
hydraulic stations. 


The nuclear units are of the CANDU 
design, and for some years they have 
held most of the top places for gross 
capacity factor among the world’s large 
power reactors. They generate energy at 
low cost, their safety record is good and 
their radiation emissions are well below 
the limits set by regulatory authorities. 
The efforts of the Research Division are 
directed towards maintenance of this 
high degree of nuclear unit effectiveness. 


Modern fossil-fired units are of large 
dimensions to obtain economies of scale, 
and a small defect can cause a large and 
costly power outage. The Research 
Division is responsible not only for 
helping to solve problems as they occur 
but also for performing studies aimed at 
avoiding unit failures. 


In hydraulic plants, design changes 
have been less frequent and problems 
may be fewer for that reason. The main 
function of the Division in this area is to 
provide support for the maintenance and 
repair of existing equipment and structures. 


NUCLEAR 


Characteristics and Performance of 
CANDU Pressure Tubes 


Investigation of the mechanism by 
which hydride blisters form on the 
pressure tubes of fuel channels in CANDU 
reactors continued in 1985. Laboratory 
tests and large-scale loop tests showed 
that hydride blisters can form on pressure 
tubes made of Zr-2.5wt%Nb as well as 
those made of Zircaloy-2, the alloy used 
in the pressure tube of Unit 2 at 
SE EEE i le ee ae 
Full-scale tests of very large pumps and 
pump motors can be performed in the 
Division’ s Nuclear Process Components Test 
Facility. 


Pickering NGS that failed in 1983. A 
computer model was developed by the 
Research Division to predict the growth 
of blisters on pressure tubes in contact 
with calandria tubes at various stages of 
reactor life. 


To verify the thermal calculations of 
this model, an apparatus has been 
developed that brings a sample section of 
pressure tube into contact with a 
surrounding section of calandria tube, 
also made of zirconium-niobium alloy. 
The pressure tube is deformed as necessary 
to provide the desired area of contact. 
Reactor operating conditions are simulated 
by circulating oil at about 300°C on the 
primary side and water at 60°C on the 
secondary side. A technique which 
permits installation of thermocouples in 
small-diameter holes as close as 
0.127 mm to the contact surface has 
been developed and used. This allows 
measurement of transient and steady- 
state temperatures with minimal effects 
on the thermal field. 


Blister formation, however, is only 
one aspect of the integrity assessment. 
It is necessary to know also if the blisters 
will initiate cracks. Studies are therefore 
in progress to establish the stress levels 
at which cracks will initiate from blisters 
of various sizes. 


The extent of pressure-tube calandria- 
tube contact and the amount of hydrogen 
in the bulk of the pressure tube, which 
depends on operating time and rate of 
corrosion, are of primary importance in 
blister formation. Extensive study of 
Zr-2.5wt%Nb was initiated as there is 
little available information on the corrosion 
characteristics of this alloy. Post-service 
examinations of pressure tubes are now 
being made at regular intervals and a 
computer data base has been established 
to record all data from this source. 


Elongation of pressure tubes will 
require extensive maintenance in some 
reactors and there is a possibility that 
changes in reactor operating conditions 
could lead to an increase in deformation 
rate that would limit pressure-tube life. 
Extensive irradiation-growth tests on 
different Zr-2.Swt%Nb pressure-tube 
materials have therefore been performed 
in the Dido reactor at AERE Harwell, in 


which the fast neutron fluence is higher 
than in power reactors. The results of 
this study indicated that there is a need 
for change in the predictive design 
equation and will provide the basis for 
that change. 


Location and Repositioning of Fuel- 
Channel Spacers 


Garter springs are used to maintain 
proper spacing between the pressure 
tubes and surrounding calandria tubes of 
the fuel channels in CANDU reactors. 
During assembly and operation, these 
spacers may move away from their 
design locations and this can have 
adverse effects on the service-life of the 
unit. The development of means for 
fuel-channel Spacer Location and 
Repositioning (SLAR) is therefore highly 
important. 


The garter springs are located with the 
use of classical eddy current probes. 


A novel electrical device, based on the 
principle of the linear induction motor, 
has been developed for moving garter 
springs to desired locations on the fuel 
channels of reactors that are commissioned 
but not operating. This is the key 
component of the SLAR system; it 
provides the only way to reposition the 
garter springs under the stringent SLAR 
conditions. 


The latest prototype operates at low 
power levels (208 V, 100 A, 60 Hz) ina 
wet channel with the fuel removed. A set 
of two of the devices has been built and 
incorporated into SLAR tooling for field 
use. The SLAR technology may be 
useful in CANDU reactors throughout 
the world. 


A fully automated ultrasonic device 
which permits very rapid inspection of a 
limited part of the tube has been 
developed as part of the SLAR system. 
This detects the presence of hydride 
blisters at pressure-tube - calandria-tube 
contact zones. 


Remote Inspection and Gauging of 
Pressure Tubes 


Development of the fuel Channel 
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Inspection and Gauging Apparatus for 
Reactors (CIGAR) has been completed. 
The apparatus measures the diameter and 
wall thickness of each tube at many 
locations, plots the sag profile of the 
tube, locates the garter-spring spacers 
and inspects the tube ultrasonically for 
flaws. 


The CIGAR system provides Ontario 
Hydro with a number of new and 
significant inspection capabilities. Central 
Nuclear Services used the device to 
inspect 20 pressure tubes in an operating 
reactor at Pickering NGS during a 
10-day period. The technology was also 
applied during an inspection of Pickering 
NGS Unit 8 pressure tubes after it was 
discovered that fretting by dummy fuel 
bundles had marked the inside surface. 
Development and application of methods 
of mapping the damage showed that if 
subsurface defects developed, they could 
be detected and distinguished from the 
surface damage. 


Large-Scale Fuel-Channel Replacement 


The Large-Scale Fuel-Channel 
Replacement (LSFCR) program is now 
under way for CANDU Units | and 2 at 
Pickering NGS. As part of this program, 
the Research Division has developed a 
fast induction heating technique for 
separating fuel-channel pressure tubes 
from their rolled joints with end fittings. 
With use of this technique, one end- 
fitting is retained undamaged on each 
tube. Without it, both end-fittings would 
have to be destroyed. The technique 
therefore produces a significant cost 
saving for Ontario Hydro and could 
ultimately be of substantial benefit to 
other CANDU owners. 


The need for staff participation in 
LSFCR makes reduction of radiation 
fields in primary-heat-transport systems 
highly important. The CANDECON 
process, developed for this purpose by 
AECL in cooperation with Ontario 
Hydro, was successfully performed on 
Units 1 and 2 at Pickering NGS in 1984. 
Work continues to improve understanding 
of corrosion that occurs under 
CANDECON conditions and to lessen its 
effects. 


Corrosion of Steam Generator Tubes 


A major threat to the integrity of 
nuclear steam generator tubes is localized 
corrosion under sludge piles that 
accumulate on tubesheets. Contaminants 
normally present at low levels in steam- 
generator feedwater were found to be 
present at high concentrations in sludge 
from Pickering NGS. Electrochemical 
methods and laboratory autoclave studies 
were used to determine the nature and 
extent of corrosion under the sludge at 
steam-generator temperatures and 
pressures. 


Scaling behaviour and corrosion in 
actual steam-generator water are being 
studied in autoclaves at Bruce NGS. 
Specially constructed probes are being 
used to determine the effect of stress on 
the corrosion process. 


Two treatments are under development 
for the removal of sludge from in-service 
steam generators: chemical cleaning for 
Bruce NGS and high-pressure water 
jetting for Pickering NGS. This year a 
specific solvent composition for chemical 
cleaning was recommended. Studies 
continued of the effectiveness of water- 
jetting in lancing the sludge deposits 
with minimal damage to the tubes. 


Factors affecting the deposition of 
magnetite particles and other materials 
on steam-generator surfaces are being 
studied. A model boiler test loop is being 
used to evaluate alternative pH and 
oxygen control agents that will minimize 
corrosion in condensate and feedwater 
systems and thereby reduce the ingress 
of corrosion products to the steam 
generators. 


Corrosion of Heat Exchanger Tubes 


A rig for corrosion testing of heat- 
exchanger-tubing alloys has been built at 
Pickering NGS to gain a fundamental 
understanding of the initiation and 
propagation of localized corrosion of 
tubes by Lake Ontario water. Immersion 
and electrochemical tests have identified — 
alternative tubing alloys that have greater | 
resistance to pitting in lake water than 
materials now in use. 


Heavy Water Purification 


Programs to improve technology for 
purification of heavy water in the primary- 
heat-transport and moderator systems of 
CANDU reactors are continuing. Detailed 
procedures for quality-assurance tests of 
resins used in the purification circuits of 
these systems have been developed and 
made available to help manufacturers to 
supply resins of appropriate quality. 


Leak-Before-Break Characteristics of 
Materials 

In cooperation with the ASTM, the 
Research Division has developed standard 
methods for measuring the ductile- 
fracture properties of steels. The 
measurements are being used to produce 
a data base of ductile-fracture properties 
in steels for piping in the Darlington 
NGS Primary-Heat-Transport (PHT) 
system. 


In concurrent work, new concepts in 
elastic-plastic fracture mechanics have 
been applied in numerical simulation of 
the non-linear mechanical response of 
PHT system components to service 
loads. This will be used in conjunction 
with the material data base to assess the 
severity of cracks in PHT piping that are 
postulated for design purposes. 


These projects are part of a joint 
leak-before-break program of the Research, 
Design and Development and Nuclear 
Studies and Safety Divisions to demonstrate 
the structural integrity of the Darlington 
NGS PHT system without modification 
to include pipewhip restraints. 


Testing 


Tests were completed on a Darlington 
NGS primary-heat-transport pump-motor 
Set to determine the behaviour of the 
machine under two-phase, steam — 
water flow conditions that simulated a 
small-break Loss-Ot-Coolant Accident 
(LOCA). The results confirmed the 
ability of the machine to tolerate rough 
Operation without damage during LOCA 
conditions, and provided data on pressure 
pulsations for use in analysis of plant 
Piping integrity. 


ng of Nuclear Process Equipment 


A primary-heat-transport pump-motor for Darlington NGS is being disassembled for inspection 
after performance and endurance testing in the Nuclear Process C. omponents Test Facility. 


A modified version of a large isolation 
valve for the Bruce NGS emergency 
coolant injection system was also tested. 
Operation of the valve through many 
cycles over the full range of expected 
operating conditions showed the need for 
further improvements and retesting. 


Work on the testing of nuclear station 
equipment was broadened to include 
qualification of electrical instrumentation 
and control components under the harsh 
conditions that could result from a 
postulated break in heat-transport primary 
circuits or steam lines. The environmental 
chamber now in use for tests on such 
components as cables, terminal boxes, 
switches and solenoid valves is being 
upgraded to handle larger components 
over a wider range of test conditions. 


Refilling and Rewetting of Hot 
Horizontal Tubes 


A need exists for a better understanding 
of the effects of refilling and rewetting 
hot horizental tubes like those that might 
be found in a CANDU reactor under 
LOCA conditions. This has prompted a 
study that uses an experimental facility 
consisting of a horizontal, directly heated 
Zircoloy-2 tube, a water-injection system, 
and instruments for measuring void 
fractions, pressures and wall temperatures. 
Subcooled water is injected into the tube 
which has been heated uniformly to a 
desired initial temperature in the range 
from 300° to 600°C. Thermodynamic 
parameters are logged during each quench 
until steady state conditions are obtained. 
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The data obtained in this way have 
been used by AECL to verify the heat 
transfer part of the advanced 
thermodynamic code, ATHENA. Detailed 
wall-temperature measurements permit 
better estimation of inner-surface 
temperatures and heat-flux during the 
quench transient. The resulting heat-flux 
versus inner-surface temperature curve, 
termed the quench curve, may have 
significant effect in LOCA analysis. 


Thermal Gradients and Tension 
Stiffening in Reinforced Concrete 

A joint study by Civil Design and 
Civil Research of thermal gradient effects 
in reinforced concrete structures is 
providing data needed to improve current 
analytical techniques and to address 
questions related to the design, 
performance and safety of Ontario Hydro’s 
nuclear containment structures. 


Specifically, the thermal gradients 
encountered in LOCA conditions are 
simulated. 


Test data from the first thermal- 
gradient model indicated that current 
analytical procedures give fairly good 
predictions of the response of members 
to thermal gradient loading, but tend to 
over-estimate the stiffness of cracked 
members and make inadequate provision 


Workmen are finishing the installation of post-tensioning ducts and reinforcing bars of the vacuum building at Darlington NGS. Thermocouples 
and strain gauges were attached to the bars prior to concrete placement to permit research engineers to measure responses under test and 


operation conditions. 
Ny 


for concrete creep. Testing with a second 
thermal gradient model began in November 
1985. 


A research program has been undertaken 
to investigate tension-stiffening 
mechanisms, which significantly affect 
the response of reinforced-concrete 
structures to service loads. Three large- 
scale beam specimens have been built 
and tested with the beams in axial 
tension. 


The program will support analysis of 
the performance of Ontario Hydro’s 
nuclear containment structures under 
postulated LOCA conditions. The 
containments have been designed not to 
approach yield conditions even in such 
an extreme situation. The availability of 
a rational constitutive model for tension- 
stiffening mechanisms would permit 
analysis to determine the effective stiffness 
of the loaded members, the magnitude of 
the forces induced, and the crack patterns 
and subsequent redistribution of forces. 


Decontamination of Spent-Fuel Storage 


Baskets 


The decontamination of obsolete 
stainless-steel spent-fuel storage baskets 
from the irradiated fuel bay of Pickering 
NGS ‘A’ may lead to considerable 


savings in storage costs if the baskets can 
be decontaminated to a point where they 
can be disposed of as metal scrap. The 
search for a suitable chemical 
decontamination method has led to 
specification of a process based on a 
dilute aqueous solution of nitric and 
hydrofluoric acids. Application of this 
reagent to basket surfaces in laboratory 
trials yielded satisfactory results. 


Recovery of Carbon-14 from Moderator 
Cover Gas 


Most of the carbon-14 present in the 
moderator cover gas of CANDU reactors 
is released to the atmosphere in low 
concentrations during purging of the 
cover gas and other maintenance activities. 
With AECL’s approval, a prototype 
scrubber for removal of carbon-14 from 
gas streams by adsorption on solid 
calcium hydroxide has now been designed 
for demonstration in 1986. The concept 
has been approved by the Atomic Energy 
Control Board and could be retrofitted to 
any CANDU reactor operating in Canada 
or abroad. 


In related studies, a prototype cryogenic 
still has been completed to demonstrate 
the concentration of carbon-14 extracted 
from moderator cover gases and spent 
ion-exchange resins. If carbon-14 is 


The Cryogenic Chamber at the Tritium Removal Facility of Darlington NGS is undergoing its 
final inspection before it is sealed. Hydrogen gas is separated into its protium, deuterium, and 


tritium components by distillation at 20 K. 


enriched to a concentration above 90 per 
cent, a troublesome, long-lived nuclear 
waste becomes a valuable commercial 
byproduct. 


Flammability and Integrity of Station 
Control Cables 


A fire test developed by Ontario 
Hydro has been adopted by CSA and in 
the National Building Code as the 
standard for evaluation of the flammability 
of grouped electrical and communications 
cables used in the control systems of 
nuclear generating stations. Cable-fire 
barriers have also been developed to 
minimize the migration of smoke and 
corrosive and toxic gas byproducts into 
station computer rooms and other sensitive 
areas during a fire. 


Examination and tests of cable samples 
from Pickering NGS ‘A’ have shown 
negligible degradation of the cables after 
15 years of service. Laboratory aging of 
the samples revealed that the cables 
would still be functional after a further 
20 years of service. 


Detection of Leaks in Nuclear 
Containment Structures 


To retain their operating licences, 
proprietors of nuclear plants must achieve 
high standards of air tightness in reactor 
buildings and other containment structures. 
At present, leak detection solutions are 
the only effective means of locating air 
leaks in these structures. In research 
funded by COG, new tools based 
on ultrasonics and use of SF¢ as a 
tracer gas are being developed to achieve 
remote as well as quantitative detection 
of leakage. 


Tritium Technology 


Design and engineering of the Tritium 
Immobilization System (TIS) has been 
completed for the storage of pure tritium 
gas on a metal ‘sponge’. The TIS will be 
part of the tritium removal facility being 
installed at Darlington NGS and is 
expected to find commercial application 
in other tritium handling processes. 


A model of hydrogen permeation and 
recycling in Tokamak devices has been 
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developed and experimentally verified. 
Applications based on the property of 
asymmetric permeation in composite 
materials have been identified. These 
include tritium pumping and passive fuel 
purification. A prototype tritium pump, 
with no moving parts, has been designed 
and is being fabricated. Experiments 
conducted in Germany have verified the 
pump concepts. The concept of asymmetric 
permeation for experimental fusion devices 
has significant potential for commercial 
exploitation. 


A compact, versatile gas 
chromatographic system has been 
developed for separating tritium and 
deuterium species from the purified 
exhaust gas streams of experimental 
fusion reactors. The system is intended 
to feed the separated species back into 
the fuel stream of the reactor. A prototype 
of the system has been completed which 
processes 1.7 litres of exhaust gases per 
hour, a capacity that suits the fuel- 
system recycling requirements of many 
present-generation experimental fusion 
reactors. 


Sorption rates of tritium gas and 
tritiated water into four protective coatings 
and desorption rates from them were 
measured. While desorption of tritium 
gas is extremely fast, retention of 
tritiated water by the coatings is significant. 
This may have a major influence on 
decontamination procedures adopted for 
tritium removal and storage facilities. 
Epoxy mixes with a high pigment-to- 
binder ratio appear to be the best 
coatings for concrete used in tritium 
handling facilities. 


THERMAL 


Corrosion Problems in Thermal Plants 


Laboratory testing has shown that 
failures of brass tubing in low-pressure 
feedwater heaters at Nanticoke TGS 
were initiated by a flow-assisted 
electrochemical corrosion process 
accelerated by the effects of elevated 
temperatures and high levels of dissolved 
oxygen, carbon dioxide and ammonia in 
the feedwater. Since the replacement of 
morpholine by ammonia for feedwater 
pH control in all units at Nanticoke TGS, 
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tube corrosion has been significantly 
reduced. 


Chemical treatments have been 
developed to reduce exfoliation of oxide 
scale from steam-exposed surfaces in 
superheaters and reheaters. Uncontrolled 
release of exfoliated scale can lead to 
serious mechanical damage to turbine 
equipment. The results of laboratory 
tests have shown that when tubes are 
treated with borate solutions the growth 
rate of steamside scale is slowed, scale 
adhesion increases and exfoliation 
decreases. In-situ evaluation of treated 
tubes will be continued for three years at 
Lambton TGS to assist with further 
development of measures for exfoliation 
control. 


Corrosion-Fatigue in Carbon- Steel 
and Zirconium- Alloy Tubing 


Corrosion-fatigue cracking in the 
carbon-steel tubing of fossil-fired boilers 
is being investigated in a project funded 
as part of an EPRI program. Various 
relevant boiler-water-chemistry conditions 
will be controlled inside tube samples 
and their effects monitored while the 
tubes are subjected to cyclic mechanical 
loads. A second facility is being set up to 
study the corrosion-fatigue susceptibility 
of carbon-steel and Zr-2.5wt%Nb tubing 
in CANDU units. 


Life of Tubular Components Under 


Creep Conditions 


Tubular components of various sizes 
and wall thicknesses, both with and 
without weldments, are being tested 
under isothermal and cyclic conditions 
over a range of internal pressures and 
tensile end loads. Factors affecting crack 
initiation and growth are being examined 
with a view to developing a quantitative 
relationship for life prediction. 


Cleaning of Coal by Oil Agglomeration 


In work funded by EPRI, the 
effectiveness and economics of spherical 
oil agglomeration were evaluated for the 
cleaning of coal to very low impurity 
levels. This process achieves high rates 
of recovery of coal fines from the 
cleaning-plant refuse stream. Bench and 


pilot-scale experiments have identified 
the optimum process conditions required 
for the production of clean-burning coal. 


HYDRAULIC 
Repair of Turbine Cavitation Damage 


Erosion of turbine runners by cavitation 
is of major concern to operators of 
hydraulic generating facilities. Periodic 
repair of the damage involves gouging 
and grinding to remove unsound metal, 
then arc welding and final grinding to 
restore the original surface profile. This 
work is often done in-situ where access 
is difficult and working conditions are 
hazardous. 


Ontario Hydro Research and IREQ are 
now engaged in a CEA-supported program 
to develop robotic methods and equipment 
for cavitation repairs. [REQ is optimizing 
equipment and controls for use with 
compact robots in the gouging operation 
and Ontario Hydro Research is adapting 
recently developed technology in surface 
mapping and automated welding for use 
in the repair process. When completed, 
the process will include robotic profile 
grinding as well. 


Performance of Concrete Hydraulic 
Structures 


Fourteen concrete dams were visited 
to collect information on their condition 
after long periods of service in saturated 
conditions. The findings are being 
correlated with past records of accelerated 
laboratory tests and outdoor exposure 
tests of concrete specimens of various 
mix designs. The work is expected to 
result in improved test procedures for 
predicting the long-term performance of 
concreting materials for use in new 
structures and for repair of existing ones. 


Monitoring Concrete and Rock 
Structures 


Inverse and normal pendulums and 
wire extensometers are being installed 
for monitoring the long-term performance 
of dams at Abitibi Canyon, Little Long, 
Harmon and Kipling Generating Stations. 
Techniques for fabricating and installing 
the devices and interpreting the 


. 


[he casing for a sliding micrometer is being installed to monitor the minute movement of a rock cliff above a generating station as part of a 
program to protect the station’s structure and equipment from falling debris. 


measurements were provided by Hydro- 
Quebec and a Swiss utility. 


Monitoring of in-situ deformation in 
rock cliffs along the Niagara River gorge 
was begun in cooperation with a Swiss 
firm. Deformation is measured along a 
horizontal borehole by a sliding micrometer 
to an accuracy of 3 wm per | m of 
observed length. An extremely sensitive 
tool, the sliding micrometer also identifies 
active joints in the cliffs. This system 
has the highest resolution of any of its 
type in Canada, and interest in its use 
has been shown by AECL and Hydro- 
Quebec. Further use of the system is 
planned for several Ontario Hydro dams. 


Research Division staff conduct surveys and 
inspections as part of a program to maintain 
the integrity of many old concrete structures. 
Rehabilitation work is shown underway on 
the 87-year-old intake structure that supplies 
water to DeCew Falls GS on the Welland 
Canal. 


OTHER STUDIES 


Modelling of Large Synchronous 
Generators 


In simulation studies to determine 
power-system operating limits, models 
of system components, such as generators, 
excitation systems and speed governing 
systems, must accurately represent the 
equipment used in the field. System 
components are therefore tested intensively 
to acquire data for modelling. 


In 1985 the standstill frequency response 
method of testing two- and four-pole 
synchronous machines, a technique 
pioneered by Ontario Hydro, was made a 
trial-use standard of the IEEE. A CEA 
contract in which five large turbine 
generators at various locations across 
Canada were tested by this technique 
was completed. 


A method to better approximate the 
steady-state operating conditions of a 
unit promises substantial economic benefits 


by allowing use of a little more of the 
generation that has been ‘‘locked-in’’ at 
Bruce NGS as a result of delays in 
transmission-line construction. Tests have 
been completed on two Bruce NGS 
units, and payback is expected in 1986. 


Surge Protection of Generators 


In a project funded by EPRI, the 
Research Division is making a detailed 
investigation of the surge environment at 
the terminals of large synchronous 
generators. The recent trend towards use 
of generator breakers has added a 
number of new mechanisms for possible 
switching transients. Models based on 
field tests are being developed for 
simulating unusual or potentially hazardous 
system conditions. The surge-withstand 
capabilities.of generators are also being 
examined, as is the current practice of 
generator surge protection. The results of 
this project will affect the design of 
future generating stations and could lead 
to modification of current operating 
practices. 


Large generators and motors are integral parts of the process of producing electricity. 
Non-contact transducers are used to measure shaft vibration and thrust-bearing oil-film 
thickness as part of a new computer-automated ‘‘Monitoring for Predictive Maintenance”’ 
system that is intended for use in planning maintenance of the hydraulic generators at the Sir 


Adam Beck - Niagara GS. 
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Power System Stability 


Continuing delays in the construction 
of transmission lines, the commissioning 
of additional generation and the need to 
maintain export capability make 
improvement of power-system stability 
an increasingly critical requirement. 


The latest in power system stabilizers, 
which work through the excitation system 
of the generator, are being commissioned 
at Bruce NGS as units are brought into 
service. Similar stabilizers are being 
supplied for the Darlington generators. 
Without these control systems, there 
would be substantially more ‘locked-in’ 
generation at the Bruce NGS and power 
export capability would be restricted. 


Controls that enhance transient stability 
have been developed and applied to 
nuclear units at Bruce NGS and coal- 
fired units at Nanticoke TGS as a means 
to further improve system stability. 
These controls act through the excitation 
systems to maintain a higher than normal 
terminal voltage on the generator for 
about one second after a major system 
fault. 


The State Electricity Commission of 
Western Australia (SECWA) has purchased 
four of Ontario Hydro’s power system 
stabilizers. These are being installed on 
existing fossil-fired units and commissioned 
with the assistance of Research Division 
personnel. The use of these stabilizers on 
the SECWA system has the effect of 
making the stability of their system 
insensitive to variations in system load 
characteristics. 


Computer-Managed Monitoring of 


Rotating Machinery 


The Research Division has developed 
a computer-managed system for monitoring 
vibration of rotating machinery to detect 
deterioration at an early stage and 
identify probable causes. The system 
will use a total of 508 sensors on 124 
pumpsets in four CANDU nuclear units. 
It will make base-line comparisons, 


generate trend plots and perform pumpset 


condition analyses. Diagnostic logic 
incorporated in a knowledge-based system 
will automate the decision-making process 


a 


that a vibration analyst would follow in 
evaluating a set of vibration signatures. 


The system will reduce pumpset 
maintenance costs and improve plant 
availability at Darlington NGS, now 
under construction. With development of 
the necessary knowledge-base, it could 
be adapted to monitor other rotating 
machinery. 


Improved Facilities for Seismic Testing 
of Station Equipment 
Saar 
Two tri-axial shakers are now available 
for the seismic qualification of small- 
and medium-size nuclear plant equipment. 
Two new environmental chambers are 
being commissioned for accelerated aging 
of test specimens to accommodate a shift 


in emphasis to seismic testing of artificially 
aged rather than new equipment. 


Following quidelines set by the Sandia 
National Laboratories in the United 
States, the performance of new and aged 
station batteries was evaluated before, 
during and after seismic testing. Conditions 
were representative of the strongest 
earthquakes anticipated for the sites of 
nuclear installations. From the tests an 
extremely durable battery cell has been 
identified which is little degraded by 
natural or accelerated aging and seismic 
stresses. 


Improved Soniscope 


— eeeesesess—sN 
With support from the CEA and 
Hydro-Quebec, Ontario Hydro is 


This pressure switch is one of many devices tested for seismic qualification on the new small 
tri-axial shaker. The testing is part of an ongoing process to determine the ability of the 
many components of Hydro’ s nuclear stations to withstand seismic shock. 


developing a new Soniscope based on 
modern electronics technology for use in 
the non-destructive detection and location 
of cracks in hydro-electric dams and 
other mass-concrete structures. The original 
device was first developed by the Research 
Division in about 1949 and has since 
been in use commercially with little or 
no change in its design. 


Failure Analysis 
ee 
Conventional techniques for analysis 

of failure modes in Ppower-system 
components are usually destructive as 
they require removal of representative 
samples for examination in the laboratory. 
Many components could be saved if 
there were effective techniques for in- 
situ, non-destructive metallurgical 
evaluation. Therefore a major effort was 
made with support from the CEA, to 
develop and refine such techniques. 


Preparation of surfaces for microscopic 
examination has been made more efficient 
by improvements in abrasive and 
electrolytic polishing. Replication of 
surfaces also has an important role in 
metallurgical field work as the shape of 
components often makes in-situ 
microscopic examination impossible. 
Improvements in the convenience of 
replication and in its definition of 
metallurgical structure have been effected. 
These techniques have been used 
extensively in assessing the integrity of 
power plant components, such as the 
rotating parts of steam turbines. 


New Applications of Holography 


The aim of this work is to develop 
holographic procedures for in-situ anal ysis 
of flaws and vibration in tubes, piping 
and other station components. Holographic 
apparatus was used to observe vibration 
patterns in sections of pressure tubes and 
turbine blades. Images of standing waves 
were obtained, and in the case of 
pressure tubes, movement of garter 
springs to nodes was displayed. The 
work on turbine blades was done for a 
Canadian manufacturer and clearly showed 
blade vibration patterns as a function of 
excitation frequency. 


Delivery Systems 


ransmission and distribution 
lines and transformer stations 
represent about one quarter 
of Ontario Hydro’s capital 
investment. Facilities include 
about 27 000 circuit-km of transmission 
line and 100 000 km of distribution line, 
and associated transformer, switching 
and distribution stations. 


Current transmission research programs 
are concerned with topics such as the 
uprating of existing lines and stations, 
while distribution research is focused on 
the development of techniques required 
for improved safety and reliability. 


TRANSMISSION 


Probability-Based Methods for 
Transmission-Line Design 


In 1982, EPRI formed a team of 
experts, including personnel from Ontario 
Hydro, to prepare a comprehensive guide 
for use of probabilistic methods in the 
design of transmission lines. The 
deterministic design approach now in 
general use has limited ability to assess 
structural reliability in quantitative terms. 
The probability-based method, on the 
other hand, represents the variability of 
loads on structures and strengths of 
components more realistically and offers 
a quantitative measure of reliability 
level. Its adoption will enable utilities to 
reduce capital costs and maintain or 
improve reliability levels. EPRI expects 
to issue the guide towards the end of 
1986. 


The Research Division has made a 
significant contribution in the area of 
loads on conductors caused by ice and 
wind-on-ice. This section of the guide 
deals with definition of various ice 
accretions, use of models in calculating 
ice build-up, estimation of extreme ice 
accumulations and calculation of wind 
loads on ice-covered conductors. 


Ontario Hydro has also provided 
detailed information on test sites used for 
monitoring wind and ice loads on 
transmission lines in Canada, the USA 
and Europe. 
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Optimization of Transmission Line 
Design 


A program to optimize the design of 
transmission lines is under development. 
This treats conductors in an abstract 
way, because a standard conductor that 
meets optimum requirements for given 
load-growth profile and economic forecasts 
may not exist at present. The optimization 
process minimizes the sum of capital 
costs, and the present values of energy 
and peak power losses over the lifetime 
of the line. This results in an optimum 


Towers lying like broken giants on the Essa 
to Claireville 500-kV transmission line are a 
result of a tornado that ripped through 
southern Ontario in the spring of 1985. 
Storms with such force are very infrequent 
and are not normally provided for in 
transmission-line design. 


combination of conductor size, steel-to- 
aluminum ratio, bundle size, span length 
and type of support structure that meets 
given safety, reliability, environmental 
and political requirements. 


Low-Loss ACSR Conductors 


A model of ac resistance in steel- 
reinforced aluminum conductors (ACSR) 
recently developed by the Research 
Division is being used to design low-loss 
ACSR conductors. The ac loss of one 
conductor design has been reduced by 


2.5% by a change in the lay-lengths of 
its three aluminum layers. This change is 
not expected to lead to a significant 
increase in the cost of producing the 
conductor. Other designs result in loss 
reductions of as much as 8%. However, 
these involve the use of different wire 
diameters in each aluminum layer which 
could increase costs. 


Analysis and Improvement of the 
Thermal Environment of Power Cables 


Several ‘‘user-friendly’’ desk-top- 
computer programs for thermal analysis 
of power cables have been developed 
and transferred to the R&D Division of 
CEA for distribution to all Canadian 
utilities and sale to American utilities 
and cable manufacturers. The programs 
will permit cable engineers to use 
desk-top computers in. complete thermal 
analyses by either the classical Neher- 
McGrath/IEC method or modern finite 
element techniques. 


Re-radiation of Broadcast Signals by 
Transmission Lines 


Guidelines that limit the effects of 
re-radiation by transmission structures on 
the broadcast patterns of nearby radio 
transmitters are an increasingly contentious 
issue in relations between electric power 
utilities and radio broadcasters. This 
trend is increasing demands by utilities 
for ‘‘user-friendly’’ computer programs 
developed by the Research Division 
which provide easy and accurate evaluation 
of the effects of proposed transmission 
lines on the broadcast patterns of nearby 
radio transmitters. The programs can 
also evaluate the effectiveness of various 
schemes to reduce re-radiation. 


Power-System Harmonic Measurement 


The power and telecommunication 
utilities are involved in a major effort to 


Construction crews responded quickly after 
tornados destroyed transmission towers in 
southern Ontario. This photo, taken a week 
after the storm, shows a crew erecting a 
replacement tower with the aid of a mobile 
crane and fall protection equipment tested 
and evaluated in the Division’ s Mechanical 
Testing and Development Complex. 


develop a comprehensive electrical 
coordination guide for utility engineers. 
As part of this, a Research Division 
project funded by the CEA is underway 
to develop a standard harmonic- 
measurement instrument that will provide 
convenient data for standards and 
procedures to improve control of power- 
system harmonic distribution. The project 
is scheduled for completion in 1986. 


Metal-Oxide Surge Arresters for 
Transmission-System Protection 


Metal-oxide arresters are becoming the 
dominant protective devices for major 
electrical equipment on transmission 
networks. However the electrical properties 
of the key protective components, the 
varistor elements, vary from one 
manufacturer to another. A number of 
studies have been undertaken by Research 
to support users in assessing and applying 
metal-oxide arresters. These include 
long-term thermal aging, x-raying of 
arresters to check internal structure, field 
testing, modelling, pulse testing, and 
development of arresters for application 
on underground cable systems. The 
Division is participating in the development 
of standards for metal-oxide surge arresters 
by committees of the CSA, the IEEE and 
the International Electrotechnical 
Commission. 


Conductor- Vibration Control 


Ontario Hydro and CEA-sponsored 
field trials of detuning pendulums and 
other devices for control of galloping on 
distribution lines and bundle-conductor 
transmission lines are now established at 
about 40 sites across Canada. Utilities 
are observing and filming conductor 
behaviour during ice storms. 


The incorporation of detuning 
pendulums in the design of the Hanmer- 
Mississagi 230- and 500-kV lines is 
permitting upgrading of line reliability 
without redesign of structures or reduction 
of span lengths. Licenses for manufacture 
of devices applicable to single conductors 
have been granted to one Canadian and 
one Norwegian manufacturer. 


Dampers for control of aeolian vibration 
of overhead transmission and distribution 
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lines from a number of sources in 
Canada and elsewhere are being evaluated 
on Ontario Hydro’s indoor test-span. A 
new technique is being used which 
determines the energy absorption 
throughout the range of frequencies 
encountered during normal operation. 


Spacer-dampers to control wake- 
induced vibration of four-conductor bundles 
are being evaluated in a field test on the 
Lennox-Newtonville 500-kV line. The 
vibration levels on each of the six 
phases, which are treated with different 
hardware, are being monitored by live- 
line recorders. 


SF, Arcing Byproduct Analyzers 


The Research Division has developed 
two low-cost analyzers of SF, arcing 
byproducts for use in gas-insulated 
substations. These are based on commonly 
available detector-tube technology and 
are very sensitive. They can be used by 
field staff without extensive training for 
rapid in-situ analyses, for diagnostic 
purposes and for fault location and 
partial-discharge detection . Testing of 
analyzers at substations after power arc 
faults provided excellent correlation with 
laboratory results. 


In-Situ Testing of Soil 


Devices for testing of soil in-situ along 
transmission-line routes offer considerable 
potential for reducing the time and 
labour involved with laboratory testing. 
Field tests which used a dilatometer, 
static cone, borehole shear device, Pencel 
probe, geophysical equipment, 
pressuremeters, and more conventional 
tools have been done at two soft-clay 
sites. Geotechnical Engineering is 
participating in the evaluation and is 
training staff to provide for future 
transmission line investigations on a 
production testing basis. 


At the centre, a reinforcing cage is being 
lowered into an augered hole prior to the 
placing of concrete for a transmission-tower 
foundation in soft clay. The photograph also 
shows, at the right, the augering of another 
hole, and at the left, a finished foundation 
awaiting installation of equipment for an 
overturning-moment test. 
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The soft clay that underlies much of 
eastern Ontario loses strength when 
disturbed by construction and regains 
part of the loss by thixotropy over time. 
In cooperation with the National Research 
Council, drilled holes up to 3 m in 
diameter and 13 m deep are being load 
tested to determine parameters used for 
design of transmission tower foundations 
in this part of Ontario. Construction 
procedures are also being reviewed. 


Anchor Grouting and Bearing-Pad 
Construction at Low Temperatures 


In northern Ontario, transmission lines 
are often built in winter because the 
abundance of lakes, swamps and muskeg 
makes ground travel difficult in the 
warmer months. However, construction 
of small concrete footings and of anchors 
grouting in winter is expensive and time 
consuming. At present the rock surface 
is heated for up to 24 hours to provide a 
warm base for grouting the anchor bolts 
and mixing and placing conventional 
grout or concrete. The footing is then 
covered and heated for the three days 
needed for curing. 


Research was therefore undertaken to 


develop materials with properties that 
would mitigate these problems but still 
provide the necessary structural properties. 
The outcome was development of polymer 
materials which permit both anchor and 
base-plate grouting at temperatures as 
low as — 25°C. 


DISTRIBUTION 
Distribution System Automation 


The rapidly advancing technology of 
distribution-system automation involves 
load management, voltage control, remote 
switching, remote meter reading and 
other system-operation functions. 
Successful implementation of this 
technology requires an effective and 
economical technique for sending and 
receiving operational commands to and 
from remote devices. 


Power-line carrier is an attractive 
medium for this purpose, but the technique 
must be made effective and reliable. A 
computer program, developed in a project 
sponsored jointly with CEA, can be used 
to analyze carrier-signal propagation and 
predict signal levels at any point on the 
distribution system. It will enable the 


utility engineer to optimize parameters 
such as carrier frequency, required signal 
injection levels, and points of injection 
without need for costly field trials. 


The feasibility of using commercially 
available fibre-optic equipment for 
distribution system communication is 
also being investigated in a project 
supported by CEA. 


Improvements in Line Insulation 


The transfer of insulator technology 
developed by the Research Division to 
local industry is leading to increasing use 
of lightweight, state-of-the-art polymer 
insulators for overhead distribution circuits. 
Approximately 35,000 polymer insulators 
are now installed yearly on Ontario 
Hydro distribution lines. 


Ontario Hydro has played a major part 
in the development of the first industry 
guide for application of polymer insulators 
to overhead transmission and distribution 
circuits. This was published by the 
standards board of the IEEE in July 
1985, as ANSI/IEEE Standard 987. 


Research Division collaboration with 


Readings are taken from the display of a pressure meter connected to probes installed at various depths in the soil to determine moduli of 
elasticity for use in the design of transmission-tower foundations. 


en 


the University of Windsor on polymer 
materials for electrical insulation 
applications outdoors has contributed to 


better understanding of insulator material 


performance and to development of 


improved materials. The program receives 


support from the National Sciences and 
Engineering Research Council, the 


Electrical Insulation Society, and industry. 


Explosive Effects in Surge Arrester 
Failures 


eee 


When a distribution surge arrester 
fails, the porcelain body sometimes 
bursts. A novel device for disconnecting 
the arrester ground-lead and eliminating 
this dangerous possibility has been 


developed in a program sponsored jointly 


by Ontario Hydro and the CEA. 


The device can be attached to new 
atresters by the manufacturers and to 
existing arresters by the utilities. It 
works by rapidly cutting off the flow of 
fault current in a failed arrester in a way 
similar to the operation of a current- 
limiting fuse. However, the arrester, 
unlike the fuse, is not affected by 
lightning surges and normal power- 


follow currents. Negotiations are underway 


with a large surge arrester manufacturer 
for production of the device in Canada. 


Strength Testing of Wood Poles 


A test program of about five years 
duration has been initiated to establish a 
data base for the strengths of wood poles 
on Ontario Hydro distribution systems. 
An automated test facility has been 
designed, but at present only a temporary 
facility has been placed in service to 
permit testing for another utility of 34 
poles which the company suspected of 
being under-strength. The results of 
these tests indicate that wood poles now 
going into service may be much weaker 
than had been expected. Further tests in 
-ooperation with the other utility and 
‘heir pole-treating company are planned. 

_ The new facility, which is expected to 
de ready for use in the spring of 1986, 
will normally be capable of testing poles 
ap to 26 metres long. Bending moments 
if up to about 1700 kN-m can be 
ipplied with the load rate and direction 


automatically controlled to comply with 
the requirements of ASTM Specification 
D 1036. 


ie 
Vegetation Control Along Overhead 
Lines 
a ee eee 
The periods of trimming cycles for 
trees under distribution lines depend on 
the rates and patterns of growth of 
various species and range from one to 
eight years. Extensions of some or all of 
these cycle times would substantially 
reduce tree-trimming costs. Experiments 
are continuing to determine the allelopathic 
effects of some cover crops and their 
potential usefulness in inhibiting the 
invasion of rights of way by undesirable 
woody species. The inhibition of seed’ 
germination by aqueous extracts prepared 
from these cover crops was found to be 
less than universal; one seed species is 
resistant and others may be. Extracts 
from older plants were found to be 
generally more inhibitory than those 
from younger plants. Improved knowledge 
of the competitive and allelopathic effects 
of some cover crops may lead to useful 
modification of the vegetation management 
program. 


ee 
Determining Submarine Cable Ampacity 
foe ate a ee ee eee 


The increase in use of electric heating 
and the general growth of customer loads 
have increased the need for precise 
knowledge of the allowable ampacity of 
the submarine cables that are used to 
supply island customers on Ontario 
Hydro’s rural distribution system. This 
cable is of unique and economical 
design; it has no concentric neutral and 
thus any return current flows via the 
ground, the water or the steel-wire 
armour that protects it. 


At the places where the cables pass 
from water to soil and from soil to air 
(up a riser-pole) ampacity is of particular 
concern, for at these places there is an 
increase of current in the armour wires 
and a reduction of cooling. Tests have 
been made in the field to determine the 
amount of current typically flowing in 
the armour wires. In the laboratory, tests 
have been made to determine the 
temperature rises that occur in various 
sizes of submarine cables with various 


currents flowing in the phase and armour 
wires. The results are being used to 
verify a computer program used to 
calculate cable ampacity. The work will 
allow loading of submarine cables to 
maximum capabilities with good assurance 
that they will not be overstressed and 
thus prone to failure. 


Evaluation of Toxic-Gas Detectors 


Portable detectors are used to test for 
the presence and concentration of toxic 
gases in confined spaces, such as 
manholes, where utility staff must often 
work. The Research Division has evaluated 
nineteen detectors from a number of 
manufacturers in a program supported by 
Ontario Hydro, the Association of 
Municipal Electrical Utilities (Ontario) 
and the CEA. The program has established 
the effects of instrument-related factors 
(design, calibration, operating instructions, 
servicing and handling) and of workplace 
conditions (temperature, humidity and 
interfering gases) on the reliability of 
measurements provided by the instruments 
in various applications. This information 
will be useful in choosing the most 
suitable instrument for a specific 
application. 


Distribution Instrumentation 
ee ee ee 
A microprocessor-based Maximum 
Demand Indicator, developed for use in 
revenue-metering applications, accepts 
pulses from kW-h and kVA-h 
meters, and displays the maximum kW 
and kVA demands and the present power 
factor. The federal government has 
approved use of the demand indicator in 
billing applications and a licence has 
been awarded to an Ontario company to 
produce the device and sell it to other 
utilities. 


The Ampere-Cycle Totalizer, recently 
developed by the Research Division, 
provides information for use in decisions 
on the timing of breaker maintenance. It 
monitors the magnitude and duration of 
the arcing current to which breaker 
contacts are subjected, and stores and 
displays a cumulative total of these 
ampere-cycles for the life of the breaker. 
The peak fault current interrupted by the 
breaker is also measured and stored. 
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Utilization 


ecause of its high efficiency 
and relatively low cost, 
electricity is an attractive 
alternative to oil and gas as 
an energy source for many 
industrial applications. It can also provide 
other benefits, such as reduced waste, 
clean working environments and improved 
productivity and quality control. 


INDUSTRIAL 


In a continuing search for novel and 
advantageous applications of electricity 
in industry, the Research Division 
investigates new electrotechnologies as 
‘they develop. Those of special interest at 
present include applications of heat 
pumps, plasma arcs, radiant energy and 
electromagnetic devices, and new processes 
in the electrochemical and ceramics 
industries. 


Radiant-Energy Technologies 
Radiant energy technologies include 


applications of microwave, infrared, 
ultraviolet, laser and electron beam 


devices. These electrically based 
technologies offer significant benefits to 
industrial users through increased 
productivity, improved product quality 
and more efficient use of energy and 
space. 


Two versatile test facilities which 
demonstrate the application of microwave 
and infrared technologies in various 
manufacturing processes were 
commissioned. Preliminary assessments 
have been made of the benefits of 
microwave heating in terms of increased 
product throughput and reduced energy 
consumption. For example, assistance 
was given to a manufacture of rubber 
products. Laboratory tests demonstrated 
that the heating of rubber using microwave 
radiation was more energy efficient than 
by using conventional sources. 


Applications of microwave, radio- 
frequency and infrared devices in 
manufacturing were investigated jointly 
by CEA and Ontario Hydro. This study, 
which is of special interest to utilities, 
examines the application of these 


The use of microwave technology can dramatically enhance industrial productivity through 
increased production rates, higher yields and improved product quality. Applications of 
microwave heating range from the preheating of rubber to drying of ceramic products. A test 


on a wood product is shown. 


electroheat devices worldwide and indicates 
possible opportunities for their use in 
Canada. 


Heat-Pump Drying 


The heat pump is a machine that can 
produce low-cost process heat by 
recovering and upgrading heat previously 
lost during manufacturing processes. 
Thus, this technology can be used to dry 
products using a fraction of the energy 
required otherwise. For example, heat- 
pump dehumidification is currently being 
used to dry hardwoods for the 
manufacture of furniture. The use of 
heat-pump dehumidification to lower the 
cost of producing other wood products, 
thread, food and textiles is also being 
explored. Preliminary investigation, made 
in cooperation with a thread manufacturer, 
has shown that conversion of the drying 
process from resistance heating to heat- 
pump dehumidification can result in a 50 
per cent reduction of the electrical 
energy used. Through studies like this, 
conducted in cooperation with 
manufacturers and equipment suppliers, 
Ontario Hydro can help Ontario industry 
benefit from the use of this efficient 
electrotechnology. 


Electrochemical Technologies 


A study, jointly funded by CEA and 
Ontario Hydro, of the impact of new 
electrochemical technologies and processes 
on the demand for electrical energy was 
completed. Some of the areas showing 
possible commercial opportunities included 
primary metal recovery, inorganic chemical 
production, pollution control and electro- 
organic synthesis. The roles of industry, 
educational institutions, government and 
electrical utilities in promoting this 
opportunity in Canada were defined. 


In some industrial processes, membrane 
separation technology is used to separate 
one substance from another. In this 
technology thin films of certain 
organic polymers form barriers that 
permit molecules of one kind to pass but 
exclude all others. A report was issued — 
which reviewed the current applications 
of membrane processes. These offer the 
potential of both saving energy and 
improving productivity, as compared to — 


Wood is one of many products being tested in a heat pump dehumidification kiln as part of a program to demonstrate this efficient drying method. 


Textiles, grains, malts and fruit are some of the other products being con 


conventional techniques such as 
evaporation or distillation. Intended as 
a primer for utility personnel, the 
report summarizes the application 
opportunities and development needs in 
this relatively new technology. 


Electromagnetics 


Research is being conducted to harness 
electromagnetic fields to produce large 
forces and high temperatures in a well 
controlled manner. The Electromagnetics 
Laboratory was substantially upgraded 
during the year to facilitate both research 
work and the demonstration of this 
advanced technology to Ontario industry. 


Problems in the application of induction 
heating for heat treating and metal 
processing were investigated. Technical 
assistance was provided to several 
manufacturers on development of improved 
methods for annealing of special cables, 
hardening of automotive parts and melting 
of disposable metal beverage cans. 


Thermal Plasma Technology 


The Thermal Plasma Laboratory, which 
features an 80-kW plasma torch equipped 
with a powder injection system, has been 
utilized in several research programs. 
These have included studies of the 
processing of ceramic powders, 
metallurgical processing of compounds to 
produce ceramic magnets, recovery of 
magnesium and fluorine from uranium 
oxide process waste-streams, and the 
production of metallurgical reducing 
gases from coal-steam mixtures. All of 
these programs were conducted in 
collaboration with external agencies. A 
second plasma laboratory under 
construction adjacent to Lakeview TGS 
will use a 250-kW plasma torch in a 


Advanced ceramics are characterized 
by superior strength and hardness and 
have desirable chemical properties such 


sidered for the heat-pump dehumidification process. 


as resistance to corrosion. High-temperature 
strength and wear resistance are other 
attractive features. The Research Division 
has taken steps to help industry develop 
efficient processes for the production of 
ceramic materials and components. Much 
of the present interest in these materials 
is related to their possible use in diesel 
and gasoline engines. 


The Thermal Plasma Laboratory and 
the Microwave Facility have been used 
in several ceramic material processing 
projects with Ontario manufacturers. An 
induction plasma system is being added 
to expand the capabilities of the plasma 
laboratory. 


RESIDENTIAL 


Interest in comfort and safety and 
efficient energy use in the home has 
grown considerably in recent years. The 
Division’s efforts have been directed at 
efficient energy management and have 
included development of a cold-climate 
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heat pump, and studies of the thermal 
upgrading of homes and the recovery of 
waste heat. 


Cold-Climate Heat Pumps 


Laboratory testing of a new air-source 
heat pump has shown that its low- 
temperature efficiency is the best in the 
world. This residential heat pump, with 
improved performance in Canadian climatic 
conditions, was developed by the Research 
Division in a project supported by CEA. 


Following release of the Research 
Division’s design report to the heating, 
ventilating and air-conditioning industry, 
CEA authorized a Canadian. manufacturer 
to develop a commercial design and 
build seven prototypes units. These were 
shipped to utilities in both Canada and 
the U.S.A. for field testing. Successful 
performance of the electronically controlled 
expansion valve and other features 
could influence the design of future 
generations of heat pumps and result in 
energy savings worth $18 M in Ontario 
over the next ten years. 


Thermal Upgrading of Houses 


Sixteen houses equipped with 
dual-energy heating systems were 
thermally upgraded and their energy 
consumption monitored for a year before 


and a year after the retrofit to 

determine any changes in energy 
consumption and demand. On average, 
energy savings amounted to six per cent 
while peak power demand was reduced by 
thirteen per cent. Although the saving 

to customers was much smaller than 
predicted, thermal upgrading of homes is 
still a strategic conservation measure. 


Patterns of Hot-Water Use 


Domestic water heating represents a 
major use of energy in the average 
home. Over the past decade, the structure 
and life-style of the family have gone 
through changes that have altered the 
household’s hot-water consumption. 


Data compiled over the past four years 
from fifty-eight homes show that 
knowledge of the total daily and peak 
hourly hot water use is important in the 
accurate sizing of water-heating systems. 
New design and evaluation criteria based 
on the hot-water consumption patterns 
observed in this study will be of assistance 
in the design of water heating systems. 


Conservation 


Research activities were directed towards 
the testing and evaluation of a new 
generation of heat-pump-based devices 
that provide mechanical ventilation and 


Successful research and development requires the transfer of ideas from the laboratory to the 
marketplace. Shown here with prototype units of the CEA northern climate heat pump that are 
now undergoing field trials in Canada and the United States are representatives of the three 
key organizations that took this development from conception to reality. From left to right are: 
Dave Robertson and Grant Blackmore, from KeepRite Inc; Fred Kee and Ed Ezer, Directors 
of Research from Ontario Hydro and CEA respectively; and Dave Young and Anton Baljet, 
from Ontario Hydro’s Electrical Research Department. 


humidity control to improve indoor air 
quality. The devices recover a large part 
of the thermal energy in the exhaust air 
for use in space and water heating. 


Waste-water heat recovery systems 
were also assessed. These systems are 
designed to transfer heat from warm 
residential waste water, such as that from 
clothes washing, dishwashing and showers, 
to fresh, potable water, which can be 
stored in a domestic hot water storage 
tank. 


The attractiveness of these relatively 
new technologies stems from their high 
efficiencies. Consequently there is the 
potential for significantly lowering 
energy consumption in both new and 
retrofit applications. 


Residential Service Entrance and 
Wiring 


As part of its mandate, the Research 
Division has looked at ways to improve 
the performance and reliability of customer- 
owned electrical equipment. 


A prototype ‘‘smart’’ fuse has been 
designed that will allow the homeowner 
to add the comfort of supplementary 
baseboard heating to any room in the 
house by merely plugging the heaters 
into existing wall receptacles. Any 
overload on the circuit is detected by an 
electronic mini-breaker device that replaces 
the standard fuse in the panelboard. It 
then transmits a signal to turn off or 
reduce the output of the baseboard heater 
to remove the overload condition. Once 
the device responsible for the overload is 
removed from the heater’s circuit, the 
heater is allowed to resume normal 
operation. When fully developed, the 
‘“smart’’ fuse will be ideally suited for 
the retrofit market. 


A study was conducted for CEA to 
develop methods of minimizing fires 
arising from residential service entrance 
panelboard failures. After testing of 
ceramic fibreboards and various types of 
sprays, foams and pastes applied to 
panelboards, a recommendation was 
made that a minimum standard for 
panelboard backing materials should be 
incorporated into regulatory standards. 


Tests to determine the merits of the 
tin-plating of fuse contact surfaces indicate 
a three-to-one reliability improvement 
for heavily loaded fuses that are tin- 
plated. The tin plate was found to give a 
better connection and to reduce the 
incidence of nuisance fuse-blowing. 


Heating-Load Calculations | 

Calculations of residential heating 
loads using measurements from previous 
dual-energy and thermal envelope 
upgrading experiments indicate that, in 
general, furnaces have roughly twice the 
capacity needed. This results in increased 
capital cost and a lower comfort level for 
the homeowner. A significant contribution 
was made to a new CSA standard to be 
used for sizing furnaces supplied by any 
type of energy. 


Throughout the year, various ways of 
improving the efficiency of energy use in 
commercial establishments were 
investigated. Research was carried out in 
‘such diverse areas as the use of warm 
water discharged from generating stations 
for freshwater-prawn farming and the 
‘suitability of heat-pump water heaters for 
commercial applications. 


‘Thermal ‘Aquaculture 


Work continues on determining the 
feasibility of growing Malaysian prawns 
in warm-water discharges from stations. 

The investigation, which initially centred 
on the selection of the optimum diet for 
the prawns, is now at the stage where the 
amount of food required for optimum 
growth of the animals is being studied. A 
oreliminary ‘‘growout”’ trial of these 
animals to marketable size produced 
yields comparable to those reported for 
sommercial Hawaiian ponds. 


_ With i increasing energy costs and 
seneral public awareness of the benefits 
»f energy conservation, heat-pump water 
ieaters have emerged as an attractive 
yption for increasing the efficiency of 
lectric water heating in commercial 


Sommercial H Heat- -Pump Water Heaters 


applications. Over 10 MW-h were 
saved during the year in a restaurant 
where a small heat-pump unit was 
installed to air condition the kitchen 
and to heat water for various 
applications. 


Within the framework of a CEA project, 


a larger heat-pump water heater has been 
recently installed in this restaurant. 

This example may encourage other 
commercial hot-water users such as 
hotels, laundries, apartment buildings 
and public swimming pools to take 
advantage of the benefits offered by 
heat-pump water heaters. 


Scere prawn agubeulhive studies that would make practical use of low-grade waste heat from 
nuclear stations were conducted throughout the year. Tests were conducted to determine the 
minimum daily food ration for optimum growth of the prawns. 


All 


Environmental 
Protection 


he Research Division 

undertakes studies of the 

effects of power-system 

operation on the biosphere to 

support the Corporation in 
following guidelines and regulations set 
by environmental assessment and control 
agencies. Procedures, processes and 
equipment are developed as necessary 
for the control of emissions and effluents 
from generating stations and related 
installations, and for the safe handling, 
storage and disposal of waste materials. 
Other areas of study include diversion of 
fish from station water intakes and 
conversion of toxic substances to harmless 
products. 


Limestone Injection for Combustion- 
Gas Cleaning 


A limestone injection system now 
under development for possible application 
to Ontario Hydro’s coal-fired generating 
units could reduce sulphur-dioxide 
emissions by as much as 50 per cent. A 
prototype system has been installed at 
one of the 300-MW units at Lakeview 
TGS. 


A research program in support of the 
project is providing information necessary 
to evaluate the applicability of the 
limestone-injection technology to Ontario 
Hydro units and to enhance the technology 
available for the clean use of coal. The 
program will both contribute to and 
supplement the full-scale prototype tests 
at Lakeview TGS. The program objectives 
are: to determine the operating conditions 
required to achieve optimum SO, capture 
and sorbent utilization; to evaluate the 
performance of electrostatic precipitators 
under optimum process conditions and to 
develop methods to improve their 
performance; and to assess the slagging 
and fouling potential in the furnace from 
increased ash loading. 


The operation and performance of nineteen 
portable, direct-reading gas monitors were 
evaluated in a project co-funded by CEA, the 
AMEU and Ontario Hydro. These monitors 
are used to test the atmosphere of confined 
spaces both prior to entry of personnel and 
while work is in progress. 
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In the first phase of the program, 
thermogravimetric analysis was used to 
study the reactivity of six Ontario 
limestones and one limestone was 
recommended for pilot-plant tests. A 
bench-scale reactor which will allow 
more precise studies of the calcination 
and sulphation reactions of various 
adsorbents under controlled conditions 
has been designed and built. Models 
developed by the US Environmental 
Protection Agency and others have been 
evaluated and a suitable one has been 
obtained to study expected limestone 
behaviour in boilers. 


The second part of the program is 
being conducted at Ontario Hydro’s 
640-MJ/h Combustion Research Facility. 
To meet the requirements of the program, 
the Facility has been upgraded to include 
a furnace quenching system, limestone 
and water injection systems, an isokinetic 
sampling system, and a coal grinding 
and pneumatic conveying system. 


Modelling of Cloud Chemistry 


In cloud-chemistry studies co-funded 
by CEA, schematic models were developed 
to examine the role played by stratus, 
cumulus and frontal clouds in redistribution 
of air pollutants and formation of 
atmospheric acids. Work on dynamic 
models with increased credibility is well 
underway. 


Acid Rain Studics 


In a project co-funded by CEA, the first 


extensive field measurements of dry 
deposition - the direct deposition of 
sulphur and nitrogen oxides and other air 
pollutants directly on the earth’s surface 
- were made in the vicinity of Bradford, 
Ontario. The results are being analyzed. 


The Research Division’s version of 
Fisher’s Model was further improved and 
used to calculate Ontario Hydro’s 
contribution to acidic deposition. This 
information is required by the Technical 
and Training Services Division. 


Equipment and procedures acquired or 
developed over the past few years for 
measuring air quality around Lakeview 
TGS were transferred to the Technical 
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and Training Services Division, which 
now performs this function. 


Atmospheric Dispersion at Nuclear 
Station Sites 
Techniques developed for studies of 

atmospheric dispersion at the sites of 
nuclear generating stations were applied 
at Darlington NGS, where SF, was 
released and its concentration monitored 
downwind by an array of samplers. A 
one-year dispersion climatology study of 
the Bruce area was also completed. 
Ontario Hydro’s needs for mesoscale 
meteorological data were assessed, models 
for deriving such information were 
evaluated and a course of action was 
proposed. 


Two dispersion models, one for puff 
releases and the other for continuous 
releases, were included in microcomputer 
programs for use in setting up the 


Pickering ’85 nuclear contingency exercise. 


Versions of the model were transferred 
to Ontario Hydro and government 
representatives in the Provincial Nuclear 
Emergency Task Force for their use 
during the exercise and in other 
applications. 


Improvement of Doppler SODAR 

Sound Detecting And Ranging 
(SODAR) equipment based on the Doppler 
effect was upgraded through the acquisition 
and installation of transceiver and 
telemetering components of increased 
sensitivity, and the capabilities of the 
improved system were demonstrated. 
SODAR is expected to become the 
accepted technique for collecting upper- 
air meteorological data within Ontario 
Hydro. 


Biological Conversion of Radionuclides 
In support of the Canadian Fusion 
Fuels Technology Project, studies were 
continued of the biological behaviour of 
tritium released from nuclear generating 
facilities to the terrestrial and aquatic 
environments. Investigation of elemental 
tritium - a form expected to be emitted in 
minute quantities from the Tritium 
Removal Facility at Darlington NGS - 
showed that soil and leaf litter are the 
dominant sites in the terrestrial environment 
for microbial conversion of elemental 
tritium to tritiated water, the more 
radiotoxic of the two. Further investigation 
of the uptake and desorption of tritiated 


A Lyman-Alpha hygrometer is being installed on a tower to determine the dry deposition rates 
of acid gases in an acid rain research program. 
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water in various aquatic and terrestrial 
species is expected to show little or no 
retention of tritium in the receptor 
organisms. 


In related laboratory studies, the 
distribution of gamma radionuclides of 
cesium and cobalt in bottom sediments 
from the western basin of Lake Ontario 
is being determined. 


The conversion of elemental hydrogen, 
deuterium and tritium to oxide forms is 


catalyzed by certain bacterial strains 
which can produce the enzyme, 
hydrogenase. Three of these strains were 
selected for laboratory evaluations of 
their potential for producing the enzyme 
under a range of growth conditions. Two 
of the strains produced high levels of 
hydrogenase when grown on a variety of 
organic substrates and are therefore 
suitable for mass cultivation on an 
economic scale. Elemental tritium, present 
as a contaminant in an atmosphere 
containing normal concentrations of 


Early in the spring, researchers began a study to determine the effects of growth regulators 
injected into the trunks of 12-year-old silver maple trees on the growth of sprouts. This work is 
part of a program to control tree growth under transmission and distribution lines. 
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hydrogen, was rapidly oxidized to tritiated 
water (HTO) by both bacterial strains. 

The optimization of culture conditions to 
maximize growth and hydrogenase activity 
is continuing. Several applications are 

possible for hydrogenase catalysis within 
the areas of fusion and fission technology. 


Carbon-14 Studies 
eee 
A laser-based process for enrichment 

of the carbon-14 ratios in ground water 
has been demonstrated in the laboratory, 
as part of work being performed in 
support of AECL’s nuclear waste disposal 
program. The process will facilitate the 
radiocarbon dating of older ground 
water, which provides important 
information required in the selection of 
sites for nuclear waste repositories. 


Assembly of a prototype cryogenic 
still for use in removing and concentrating 
the carbon-14 present in moderator cover 
gases and ion-exchange resins was 
completed and commissioning was begun. 


Environmental Surveys at Generating 
Stations 


Surveys were continued in the pre- and 
post-operational phases at Darlington 
NGS, Pickering NGS ‘B’, Bruce NGS 
‘B’ and Atikokan TGS to assess the 
impact of the stations on the environment. 
Other studies of the distribution of fish 
schools and spawning of whitefish are in 
progress at the Bruce ‘B’ and Pickering 
generating stations. 


WASTE MANAGEMENT 


Concrete Cask for Irradiated Fuel 


An integrated concrete cask is under 
development for the interim storage and 
transportation of irradiated nuclear fuel. 
Two half-scale models of the cask were 
constructed and tested. One underwent 
two drop tests and exposure to fire at 
1000°C. The second was subjected to 
heat loads that simulated the decay heat 
of irradiated fuel internally and various 
ambient temperatures externally. Each 
model retained its structural integrity in 
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all tests. The design is expected to 
provide full containment of the irradiated 
load in the event of a transportation 
accident. 


Permeability of Gasket for Irradiated- 
Fuel Cask 


Krypton-85 and iodine-131 are two of 
the radionuclides that will be present in a 
stainless-steel irradiated-fuel cask being 
designed by Ontario Hydro. Both could 
permeate the cask gasket and pass to the 
environment. Because information on the 
permeability of the proposed gasket 
material is limited, permeation by the 
two species was determined at 60°C to 
200°C in a gas chromatograph. They 
were found to be similar in behavior to 
the reference gas, helium. 


Copper Containers for Nuclear Waste 


Evaluation of copper as a container 
material for use in the disposal of 
irradiated nuclear fuel in hard-rock 
repositories is continuing. In tests thus 
far, copper has shown adequate integrity 
and durability as a barrier to the migration 
of radionuclei to the biosphere, and high 
resistance to corrosion in the most 
probable repository environment. Under 
worst-case conditions involving radiolysis 
and sulphide attack, however, corrosion 
rates increase and some pitting occurs. 
The project will provide corrosion data 
to AECL for use in overall appraisal of 
concepts for permanent disposal of 
high-level wastes. 


Conditioning of Tritiated Aqueous 
Waste 


When in operation the Tritium Removal 
Facility at Darlington NGS will generate 
quantities of tritiated aqueous waste that 
will require solidification and suitable 
packaging for its disposal. The waste 
package is the major barrier to tritium 
releases to the environment which must 
be less than 10° per cent of the 
original activity per day. The effects of 
the solidification medium and the container 
material and dimensions on the 
amounts of tritium release have been 
quantified as a basis for design of the 
package. 
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Solidification of Radioactive Aqueous 
Waste 


Prototype equipment for the 
solidification of irradiated aqueous waste 
with a water-extendible polymer has 
been constructed and demonstrated. The 
equipment is compact and portable and 
can be operated either manually or 
automatically at a throughput of five 
litres per minute. Production models 
could be shipped to stations as needed 
rather than having a unit on hand at each 
station. 


Characterization of Reactor Waste 


In support of the development of 
facilities for the disposal of low- and 
intermediate-level wastes, the composition, 
activity level and radionuclide inventory 
of compactable reactor waste has been 
determined, and characterization of 
incinerable, non-processable and retubing 
wastes is continuing. This information 
will be essential for environmental 
assessment and licensing of future disposal 
facilities. 


In-Ground Disposal of Low- and 
Intermediate-Level Wastes 


Of various materials evaluated for use 
as backfill in the glacial till at the Bruce 
in-ground waste-management facility, a 
fluidized cementitious grout exhibited 
low viscosity, minimal phase-separation 
and shrinkage, uniform density after 
hardening, and adequate durability and 
strength. The grout fills voids and, when 
set, provides mechanical support for the 
waste packages. Studies are continuing 
of the effectiveness of the grout in 
controlling the release of carbon-14 and 
other radionuclides. 


Sorption of Radionuclides by Normal 
and High-Density Concretes 


Investigation of the permeability and 
radionuclide sorption of several types of 
normal and high-density concretes in 
cooperation with a West German research 
centre showed that the extent of 
microfracturing determines the permeability 
of concrete containers for storage of 
nuclear wastes. Sorption levels of 
plutonium and americium radionuclides 


varied considerably with the type of 
concrete, but were generally lower than 
desired. Future work will examine the 
use of geochemically active additives 
and aggregates to increase the sorption 
capacity of concretes designed for nuclear 
use. 


Outdoor Storage of Irradiated Fuel 


Channels 


A high-density concrete was 
recommended for the fabrication of 
modules for outdoor storage of irradiated 
reactor-fuel-channel assemblies removed 
from Units | and 2 of Pickering NGS 
‘A’ under the large-scale fuel-channel 
replacement program. Because the 
structural use of high-density concrete as 
radiation shielding has been limited to 
indoor applications, little information 
was available on its performance outdoors. 
After laboratory testing and full-scale 
field trials, final adjustments were made 
to the mix design and placement procedures 
to assure proper quality of the end 
product. 


Stresses in Ontario Rock Formations 


In a project initiated by AECB and 
undertaken by Ontario Hydro, drilling 
and overcoring tests were made to 
investigate the magnitude and orientation 
of in-situ stresses and to assess 
seismotectonic conditions in sedimentary 
and crystalline rock formations. The data 
will help establish the risk of damage 
from seismic activity in eastern Canada. 


A computerized borehole dilatometer 
was developed as an improved geological 
aid for evaluation of deep rock masses as 
potential sites for disposal of low- to 
high-level nuclear wastes. The ability of 
the dilatometer to operate at depth in 
small-diameter boreholes provides an 
economical means of determining 
deformation moduli, in-situ stresses and 
location of fractures in preliminary 
studies of a rock mass. 


Thermal Modelling of Nuclear Waste 


Disposal Vaults 


Experimental modelling of heat and 


eee 


moisture diffusion around a theoretical, 
backfilled, high-level nuclear disposal 
vault was undertaken to predict temperature 
and groundwater regimes in the post- 
closure period of the vault. The behaviour 
of a clay-based buffer and a bentonite 
and sand backfill mixture will be evaluated 
under various simulated heat and 
groundwater flow conditions. Experience 
with the instrumentation, the design of 
experiments and the predictive procedure 
will be transferred to AECL for use in 
tests planned for their Underground 
Research Laboratory at Pinawa, Manitoba. 


Sr 
Geological and Geochemical Conditions 
of Oklo Natural Reactors 


Information on the geological and 
geochemical conditions of the Oklo 
natural reactors in Gabon, Africa, has 
been gathered and evaluated for AECB 
in cooperation with the University of 
Western Ontario. The Oklo case can be 
applied as a natural analog for assessment 
of the validity of long-term conclusions 
reached concerning underground 
repositories for nuclear waste. The 
information has been useful in defining 
the optimum geochemical conditions for 
a waste repository and the limitations 
imposed by temperature, radiation, 
radiolysis and other influences. 


ie NE 
Management of Waste from Limestone- 
Injection Process 


In the limestone-injection process now 
under development for control of emissions 
from coal-fired stations, powdered 
limestone reacts with sulphur dioxide to 
form calcium sulphate, which is collected 
with the coal ash for disposal. In the 
development of procedures for management 
of limestone-injection waste, the chemical 
composition, reactivity and leaching 
properties of waste from a plant in 
Virginia and from preliminary trials at 
Lakeview TGS were determined. 
Treatment of the waste materials by the 
addition of water or ordinary fly ash to 


_ improve their leach resistance and physical 
_ Strength was tested. Safe handling methods 


and environmentally sound options were 
developed and recommended for disposal 


of the waste. 


Mit pene ee 
Monitoring of Coal-Ash Disposal Sites 
cp ee AU ee 


Monitoring in the vicinity of coal-ash 
disposal sites at the Domtar and Booth 
quarries and at Thunder Bay TGS and 
Atikokan TGS was continued through 
the year to ascertain the impact of ash 
placement on the quality of surrounding 
ground and surface waters. No adverse 
effects from leachates originating from 
the sites have been observed to date. 


Peer eS 
Removal of PCBs from Insulating Oils 


ner ee, ee eS 

Performance testing of a 6000-litre- 
per-day trailer-mounted dechlorination 
facility for the removal of low levels of 
polychlorinated biphenyls (PCBs) from 
insulating oils neared completion and 
final government approval of the equipment 
and process was awaited. Treated oil 
from the dechlorination process is suitable 
for re-use in transformers and capacitors. 
Treatment provides a preferred alternative 
to long-term storage of contaminated 
oils. A non-exclusive licensing agreement 
was signed with a Canadian company for 
rights to use the process in Canada. An 
agreement is being negotiated with a 
second company for rights to the US 
market. ; 


Reclamation of Downgraded Heavy 
Water 


Laboratory investigation showed that 
use of a fixed carbon bed would be 
effective in the reclamation of heavy 
water from 41 000 kg of downgraded 
stock containing a persistent oil emulsion 
that could not be removed by the existing 
clean-up train at Pickering NGS. The 
process should yield for re-use about 
5000 kg of nuclear-grade heavy water 
valued at $2 million. 


AQUATIC STUDIES 


Repulsion of Fish from Station Water 
Intakes 


Work continued on several systems for 
the guidance and repulsion of fish which 
at times clog the water intakes of 
generating stations. By altering fish 
behavioural patterns, some of these 
systems also have potential for use in 
commercial fisheries operations. 


A Hidrostal fish pump and transport 
system was effective in passing, unharmed, 
pelagic fish species in the forebay at 
Pickering NGS and American eels at 
Saunders GS. The effectiveness of air 
bubbles as an alewife excluder was 
improved with the addition of strobe 
lights. 


Pneumatic poppers, a sonic deterrent, 
effectively repelled alewife from the fish 
diversion structure at Pickering NGS. In 
work funded by the Empire State Electric 
Energy Research Corporation two 
mechanical sonic devices — a fish drone 
and a fish pulser were developed. These 
devices are more reliable than pneumatic 
poppers and have superior acoustical 
characteristics. During preliminary tests 
at Lennox TGS and Pickering NGS, both 
devices showed promise for excluding 
pelagic species from the intakes of 
generating stations. 


A sonar-based system has been 
assembled that automatically activates 
deterrent devices as fish densities increase. 
Field trials of the system, which comprises 
mainly an acoustic transceiver and signal 
switching and integrating components, 
have begun. 


A Model Benthic Sled 


Periodic counts of benthic fish larvae 
can provide a good measure of the 
effects of generating-station operation on 
bottom-dwelling species. The effectiveness 
of a laboratory-scale benthic sled for the 
capture of round whitefish larvae was 
tested in a 15-m-long flume. The sled 
was effective in capturing larvae on a 
smooth, concrete bottom, but much less 
sO On a more typical irregular, fine- 
cobble bottom. Success was better under 
twilight conditions when larvae commonly 
rise several centimetres off the lake 
bottom, and this suggests that night 
operations may improve the likelihood of 
capture. It was noted also that most 
larvae in the flume become detached in 
currents greater than 10 cm/s, resulting 
in a large catch. This suggests that drift 
nets placed on the bottom would likely 
be effective in capturing whitefish larvae 
displaced by lake currents. 
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Resources and Costs 


At the end of 1985, the Division’s personnel resources 
consisted of a total regular staff of 621. The administration 
and organization of staff are shown on the opposite page. 


The distribution of staff in broad occupational classes and 
its application in various categories of work (Divisional 


Services Department excepted) are shown below. 


Research Division Programs for 1985- Proportions by actual gross cost 


Proportions of total salary cost for various 
categories of work 


Occupational classification 
of Research Division staff 


The total of all costs, including those for space, material 
and equipment for work done by the Research Division in 
1985 was approximately $50.1 M. 


Costs were met or allocated as follows: 


Revenue from work done for 
other organizations 4.0M 


Transfers to other 
Ontario Hydro Branches 22.6M 


Transfers to the Cost of Power 23.5M 


SL LP a 
Organization 


CHEMICAL 
O.A. (Al) Kupcis 


eee a ANSE 


DIRECTOR OF RESEARCH 
F.J. (Fred) Kee 


ANALYTIC BIOLOGICAL 
Sevens emerges DIVISIONAL SERVICES 
MLR. (Mike) Booth G.L. (John) Vascotto J.B. (Bruce) Brown 


ENVIRONMENTAL 
& INORGANIC 
D.J. (Dave) Dodd 


BUSINESS INFORMATION 
ADMINISTRATION MANAGEMENT 
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Vecchio, F.J. 

‘‘Modelling the Response of Reinforced Concrete Structures to 
Thermal Loads’’, Structural Mechanics in Reactor Technology 
Conference, August 19-23, 1985, Brussels, Belgium. 


*with an organization other than Ontario Hydro 
40 3 


Warr, B.D., Mukherjee, B., Clark, M., and Bellamy, G. 
““Operating Experience and Laboratory Studies with Fatigue 
Cracking of Inconel 600 Steam Generator Tubes at Ontario 
Hydro’’, International Conference on Nuclear Power Plant 
Aging, Availability Factor & Reliability Analysis, July 7-13, 
1985, San Diego, California. 


Williamson, A.S. 

“‘Characterization of Low and Intermediate Level CANDU 
Reactor Wastes’’, International Seminar on Radioactive Waste 
Products — Suitability for Final Disposal, June 10-14, 1985, 
Julich, Federal Republic of Germany. 


DELIVERY SYSTEMS 


Barrett, J.S., Nigol, O., Fehervari, C.J.*, and Findlay, 
R.D.* 

““A New Model of AC Resistance in ACSR Conductors’’, 
IEEE Summer Power Meeting, July 14-19, 1985, Vancouver, 
B.C. 


Boggs, S.A., and Wiegart, N.* 

“Influence of Experimental Conditions on Dielectric Properties 
of SF¢-Insulated Systems — Theoretical Considerations”’, Fourth 
International Symposium on Gaseous Dielectrics, April 29 - 
May 3, 1985, Knoxville, Tennessee. 


Braun, J.M., and Chu, F.Y. 

‘‘Novel Low-Cost SF, Arcing Byproduct Detectors for Field 
Use in Gas-Insulated Switchgear’’, IEEE Summer Power 
Meeting, July 14-19, 1985, Vancouver, B.C. 


Chisholm, W.A., Guillo, P.Y.*, Andrews, D.S.*, and 
Janischewskyj, W.* 

‘‘Analytical and Statistical Tools for Studies of Lightning- 
Radiated Fields’’, IEEE EMC-85 International Symposium, 
August 20-22, 1985, Wakefield, Massachusetts. 


Chu, F.Y., Lutz, F.*, Braun, J.M., and Stuckless, H.A. 
“Effects of Power Arc Faults in Gas-Insulated Substations’’, 
CIGRE Symposium on High Currents in Power Systems under 
Normal, Emergency and Fault Conditions, June 3-5, 1985, 
Brussels, Belgium. 


Dableh, J.H., Findlay, R.D.*, Colquohoun, I.L.*, and 
Truemner, M.E. 

““Cable for High Pulse Power Applications’’, IEEE Winter 
Power Meeting, February 3-8, 1985, New York, New York. 


Dalle, B.* , and Ford, G.L. 

‘Behaviour of Bundled Conductors in Substations Under High 
Short-Circuit Currents’’, CIGRE Symposium on High Currents 
in Power Systems Under Normal, Emergency and Fault 
Conditions, June 3-5, 1985, Brussels, Belgium. 


Endrenyi, J. 
‘*Bulk Power System Reliability — Problems and Solutions’’, 
University of California, June 17, 1985, Berkeley, California. 


“Reliability Assessment in Power System Operation’’, Royal 
Institute of Technology, September 18, 1985, Stockholm, 
Sweden. 


“Reliability Studies in Electric Power Systems - An Overview’’, 
Electric Power Research Institute of China, June 25, 1985, 
Beijing, People’s Republic of China. 
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Fujimoto, N. 
“‘A Personal Computer Program for the Simulation of Transient 


Phenomena in GIS’’, CEA Spring Meeting, March 26, 1985, 
Montreal, Quebec. 


Hooton, R.D. 

“Further Research on the Expansion of Portland Cement Grouts 
Used to Bond Porcelain Insulators’’, Eighty-Seventh Annual 
Meeting of the Cements Division of the American Ceramic 
Society, May 5-9, 1985, Cincinnati, Ohio. 


Janischewskyj, W.*, and Chisholm, W.A. 
“Lightning Parameter Measurements in Canada’’, Electronicom 
85, October 9, 1985, Toronto, Ontario. 


Krishnasamy, S.G. 

““Analysis of Overhead Power Lines by Probabilistic Methods’’, 
ASCE Specialty Conference on Probabilistic Mechanics and 
Structural Reliability, January 11-13, 1985, Berkeley, California. 


““Assessment of Weather - Induced Transmission Line Loads 
on a Probabilistic Basis’’, 12ZE Winter Power Meeting, 
February 3-8, 1985, New York, New York. 


“Wind and Ice Loading Research in Ontario Hydro’’, Fifth US 
National Conference on Wind Engineering, November 6-8, 
1985, Lubbock, Texas. 


Kuffel, J., Malewski, R.*, and van Heeswijk, R.* 
“Dynamic Performance of Digital Recorders Used for Monitoring 
High Voltage Impulse Tests’’, IEEE 1985 Instrumentation and 
Measurement Technology Conference, March 1985, Tampa, 
Florida. 


Landin, I.*, Gauffin, L.*, Fraikin, R.*, and Ford, G.L. 
““Mechanical Effects of Short-Circuit Currents in Substations 
with Strain Bus Systems — A General Description’’, CIGRE 
Symposium on High Currents in Power Systems under Normal, 
Emergency and Fault Conditions, June 3-5, 1985, Brussels, 
Belgium. 


Lat, M.V. 

““Analytical Method for Performance Prediction of Metal Oxide 
Surge Arresters’’, IEEE Winter Power Meeting, February 3-8, 
1985, New York, New York. 


Lee, D.C., and Service, J.R.R. 
““Advanced Turbo-Generator Models for Stability Studies’, 
CEA Spring Meeting, March 26, 1985, Montreal, Quebec. 


Madge, R.C., and Jones, D.E. 

“Effect of Power Lines on AM Radio Broadcast Patterns’’, 
JEEE Summer Power Meeting, July 14-19, 1985, Vancouver, 
Bac 


‘Ramani, N., and Krishnasamy, S. 


‘‘Modelling of Simple Lattice Type Steel Structures for 
Reliability Analysis’, University of Pittsburgh Modelling and 
Simulation Conference, April 26, 1985, Pittsburgh, Pennsylvania. 


Stuckless, H.A., Braun, J.M., and Chu, F.Y. 

‘Degradation of Silica-Filled Epoxy Spacers by Arc Contaminated 
Gases in SF,-Insulated Equipment’’, IEEE Winter Power 
Meeting, February 3-8, 1985, New York, New York. 


Van Haeren, R.*, Stone G.C., Meehan, J., and Kurtz, M. 
“Preventing Failures in Outdoor Distribution-Class Metalclad 
Switchgear’’, ibid. 


Wang, L. 

“Discussion on Applications of Power System Reliability 
Techniques in Planning and Operations’’, Electric Power 
Research Institute of China, May 22, 1985, Beijing, People’s 
Republic of China. 


“Power System Reliability’’, Shandong Polytechnic University 
in Jinan, May 7-14, 1985, Jinan Province, People’s Republic of . 
China. 


UTILIZATION 


Alvarez-Cuenca, M. 

““Plasma Technology for Selected Chemical Process Industries’, 
McGill University Department of Chemical Engineering, May 
1, 1985, Montrea!, Quebec. Also presented at the University 
of Sherbrooke, May 2, 1985, Sherbrooke, Quebec, and at the 
University of Zaragoza, May 23, 1985, Zaragoza, Spain. 


Bell, J.M. 

“Drying Products with Heat Pumps in Canada— An Overview’’, 
International Heat Pump Power Utility Committee, October 16, 
1985, Forsmark, Sweden. 


“‘Heat Pump Marketability in Various Areas of Canada with 
Special Reference to Heating-Only Heat Pumps’’, Royal 
Swedish Academy of Engineering Sciences, October 18, 1985, 
Stockholm, Sweden. 


“TEA Heat Pump Site Visits and Conference - 1984’’, (Talk), 
CEA-Customer Service Meeting, March 13, 1985, Vancouver, 
B.C. 


ENVIRONMENTAL PROTECTION 


Curtis, K.E., and Guest, A. 

‘‘Performance Evaluation of the Sampling and Monitoring 
System on an Exhaust Stack of an Operating Nuclear 
Generating Station’’, Tenth Conference on Stack Sampling and 
Source Evaluation, March 17-22, 1985, Santa Barbara, 
California. 


Dunstall, T.G., Ogram, G.L., and Spencer, F.S. 
‘Deposition and Conversion of Elemental Tritium in the 
Terrestrial Environment’’, Tritium Technology in Fission, 
Fusion and Isotopic Applications, ANS National Topical 
Meeting, April 30 - May 2, 1985, Dayton, Ohio. 


Edwards, G., and Ogram, G. 

‘*Eddy Correlation Measurements of Dry Deposition Fluxes 
Using a Tunable Diode Laser Absorption Spectrometer Gas 

Monitor’’, Muskoka ’85 International Symposium on Acidic 
Precipitation. 


Haymes, G.T., and Patrick, P.H. 

““Effectiveness of Pneumatic Poppers in Excluding Fish from 
Water Intakes’’, Edison Electric Institute Biologists’ Workshop, 
October 6-9, 1985, Claremont, California. 
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Jarv, T. 

“‘Methyl Iodine Performance Testing of Bruce ‘A’ NGS 
Building Air Filtration System Charcoal at High Relative 
Humidity’’, Workshop on Analytical Chemistry Related to 
Canada’s Nuclear Industry, October 20-23, 1985, Kimberley, 
Ontario. 


Kavassalis, T., Tam, Y., Melo, O., Cho, H.R.*, and 
Iribarne, J.* 

“Effect of a Stratus Cloud on the Redistribution and 
Transformation of Pollutants’’, Muskoka ’85 International 
Symposium on Acidic Precipitation. 


Maak, P.Y.Y. 

‘‘Resistance/Diffusion Bonding of Titanium Nuclear Fuel 
Waste Disposal Containers’’, CNA/CNS Annual Conference, 
June 3, 1985, Ottawa, Ontario. 


Ogram, G.L., and Wright, S.C. 

‘“Atmospheric Dispersion Modelling for Nuclear Emergency 
Response’’, APCA/CMOS Workshop on Nuclear Emergency 
Planning, March 29, 1985, Toronto, Ontario. 


Tam, Y., Clark, E.C.*, and Bornstein, R.D.* 
‘‘Anthropogenic Moisture Effects on New York City PBL: 
Current and Potential’’, International Symposium on Moisture 
and Humidity, Crystal City, Virginia 


Vascotto, G.L. 

““Responses of Profundal Benthos to Lakes of Varying 
Acidities’’, Canadian Congress of Biology, University of 
Western Ontario, June 24-29, 1985, London, Ontario. 


GENERAL 


Braun, J.M., and Williamson, A.S. 

“‘Permeability of Protective Coatings to Tritium’’, Tritium 
Technology in Fission, Fusion and Isotopic Applications, ANS 
National Topical Meeting, April 30-May 2, 1985, Dayton, 
Ohio. 


Burnett, N.C., Hooton, R.D., Heimann, R.B.*, and 
Onofrei, M.* 

“‘The Development of Durable Cementitious Materials for Use 
in a Nuclear Fuel Waste Disposal Facility’’, Materials Research 
Society, Ninth International Symposium on the Scientific Basis 
for Nuclear Waste Management, September 9-11, 1985, 
Stockholm, Sweden. 


Cervoni, A. 

“Replication Techniques for Field Metallography’’, Symposium 
on Metallography of Corrosion Induced Failures, Leco Corporation, 
April 29, 1985, Hilton Head Island, South Carolina. 


Chung, A.H. 
‘“‘Operations Research at Ontario Hydro’’, University of 
Waterloo, September 9, 1985, Waterloo, Ontario. 


Goushleff, D.C. 

‘The Use of Interruption Costs at Ontario Hydro’”’, IEEE 
Industry Applications Society, October 7, 1985, Toronto, 
Ontario. 
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Gupta, B.K., Stone, G.C., Lloyd, B.A., Kurtz, M., and 
Sharma, D.K. 

“Switching Surges on High Voltage Motors’’, CEA E&O 
Meeting, October 28-29, 1985, Calgary, Alberta. 


Harvey, S.M. 

‘‘Control Wiring Transients and Electromagnetic Compatibility 
in GIS’’, International Symposium on Gas-Insulated Substations, 
1985, Toronto, Ontario. 


“‘The Hazards of Studying VDU’s’’, Seminar at McMaster 
University, September 11, 1985, Hamilton, Ontario. 


Heimann, R.B.*, and Hooton, R.D. 

““Mineralogical Changes of Various Cement Formulations 
During Reaction with Groundwater in the Presence of Ca- and 
Na-Bentonite at 150°C’’, Joint Annual Meeting of the 
Geological and the Mineralogical Associations of Canada, May 
15-17, 1985, Fredericton, New Brunswick. 


Ismail, M.I.*, and Attia, M.H. 

“Corrosive Wear of Some Commercial Alloys Under Canadian 
Road Service Conditions’, Symposium on Chemistry and 
Physics of Composite Media, Electrochemical Society, May 
1985, Toronto, Ontario. 


Kee, F.J. 
‘‘Address to AMEU Summer Conference for Management’’, 
June 4, 1985, London, Ontario. 


Address to District No. 4 AMEU Meeting, January 15, 1985, 
Willowdale, Ontario. 


Address to Edison Electric Institute Research Management 
Committee, October 1, 1985, Toronto, Ontario. 


Lawson, W.H.S. 

“Variable Penetration Problems in Stainless Steel Instrument 
Tube Welding’’, Northern College Welding Technology, 
October 4, 1985, Kirkland Lake, Ontario. 


Mannik, L., and Brown, S.K. 

““Generation of Third Stokes Mid-Infrared Output Using a 
Waveguide Raman Shifter’’, Fifteenth Winter Colloquium on 
Quantum Electronics, January 9-11, 1985, Snowbird, Utah. 


Mannik, L., Brown, S.K., and Chu, F.Y. 

““Measurement of Particle Velocity in a Plasma Torch Using 
Direct Frequency Detection of Scattered Laser Light’’, Seventh 
International Symposium on Plasma Chemistry, July 1-4, 1985, 
Eindhoven, The Netherlands. 


McKay, A.M., and Cheh, C.H. 

‘‘Development of a Catalytic Water Gas Shift Reactor for 
Fusion Fuel Exhaust Streams’’, Tritium Technology in Fission, 
Fusion and Isotopic Applications, ANS National Topical 
Meeting, April 30 -May 2, 1985, Dayton, Ohio. 


Morrison, H.D., and O’Neill, J.A. 

‘“Absorption Selectivity of Tritiated Trifluoromethane at 5m’, 
Conference on Lasers and Electro-Optics, May 21-24, 1985, 
Baltimore, Maryland. 


“Progress Towards Commercial Laser Separation of Hydrogen 
Isotopes by Multiphoton Dissociation at Ontario Hydro’, 
ibid. 
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Prince, J., and Kim, Y.K. 

‘“‘HAZ Fracture Toughness in Temper-Bead Welds’’, Fracture 
and Fatigue of Welded Joints, Canadian Council of the ITW, 
May 9, 1985. 


Radhakrishna, H.S., Lau, K.C.*, and Crawford, A.M.* 
“Near-field Thermal Analysis of the Nuclear Waste Disposal 
Vault’’, Materials Research Society Ninth International Symposium 
on the Scientific Basis for Nuclear Waste Management, 
September 9-11, 1985, Stockholm, Sweden. 


Shmayda, W.T. 

“‘Hydrogen Permeation through Composites’’, Canadian Fusion 
Fuels Technology Project Centre Meeting, April, 19, 1985, 
Mississauga, Ontario. 


Shmayda, W.T., and Kherani, N.P. 

““Gas Handling Systems Using Titanium Sponge and Uranium 
Bulk Getters’’, Trittum Technology in Fission, Fusion and 
Isotopic Applications, ANS National Topical Meeting, 

April 30-May 2, 1985, Dayton, Ohio. 


‘Tritium Pumping Based on Asymmetric Permeation’’, ibid. 


Sulowski, A.C., and Birkenheier, P. 

“Human and Economic Benefits of Fall Protection at Ontario 
Hydro Construction Sites’’, Twelfth International Colloquium 
on the Prevention of Occupational Risks in the Construction 
Industry, September 17-20, 1985, Hamburg, Federal Republic 
of Germany. 


Thomas, G.F. 

‘On the Minimization of the Global Variance in the 1-Reduced 
Local Energy Matrix’’, Fifth International Congress on 
Quantum Chemistry, August 18-24, 1985, Montreal, Quebec. 


Tinkler, M.J. 

“Welding 304L Stainless Steel Tubing with Variable Penetration 
Characteristics”’, EPRI/AWI/DOE Seminar ‘‘Progress in Resolving 
Undesirable Trace Element Effects on the Weldability of 
Steels’, November 21, 1985, Charlotte, North Carolina. 


‘““Welding Fumes: What We Know and Where Do We Go?”’ 
American Welding Society Conference: Creating a Safe 
Welding Environment, October 2-3, 1985, Atlanta, Georgia. 


Abbreviations and Acronyms 


AECB Atomic Energy Control Board (of Canada). 

AECL Atomic Energy of Canada Limited - the crown 
corporation that developed the CANDU system 

AERE Atomic Energy Research Establishment (of the 
United Kingdom Atomic Energy Agency). 

AMEU Association of Municipal Electrical Utilities -the 
utilities to which Ontario Hydro supplies power 

ANSI American National Standards Institute. 

ASTM American Society for Testing and Materials. 


CANDECOM A process developed by Ontario Hydro and 
AECL which uses a dilute, regenerable solution 
to decontaminate the interior surfaces or nuclear- 
reactor systems. 


CANDU Canada Deuterium Uranium - a nuclear reactor 
that uses deuterium oxide (heavy water) as 
moderator and as heat-transport median and 
natural (unenriched) uranium as fuel. 


CEA Canadian Electrical Association - an association 

a of electrical utilities that is dedicated to the 
development of policies and programs for the 
production and distribution of energy with an 
optional combination of environmental effects 
and user benefits. 


COG CANDU OWNERS GROUP - AECL and 
Ontario Hydro and other electrical utilities with 
interests in the development and operation of 
CANDU units. 


EPRI Electric Power Research Institute - a national 
organization for research and development 
supported by electrical utilities in the United 
States. 


GS Generating Station - The term without a descriptive 
prefix is used for hydro-electric stations on the 
Ontario Hydro System. The oldest has been in 
operation since 1898. 


TEEE Institute of Electrical and Electronics Engineers 
IREQ Institut de Recherche d’ Hydro-Québec (Research 
perienr Institute of Hydro-Québec). 

NGS Nuclear Generating Station. 

TGS Thermal Generating Station (fossil-fired) 


This programmable controller, designated 
the OH-180, is one of several 
microprocessor-based devices designed 
and developed by the Research Division 
and manufactured by Canadian industry 
in the quantities required by Ontario 
Hydro for use on the power system. In 
Darlington NGS, for example, some 
eighteen hundred OH-180s will be 
used as compact substitute for myriads 


SIGNIFICANT RESEARCH 
CONTRIBUTION 


of electromechanical-relay panelboards 
and control-wiring connections. 
Although projects like this one are 
undertaken in support of the power 
system, Canadian manufacturers benefit 
from the resulting transfer of 
technology through broadening of their 
manufacturing expertise, and 
development and pursuit of new 
marketing opportunities. 
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The insulators shown on the cover are being 
tested in the Research Division’s new, 
fully-instrumented, temperature-controlled 
environmental test chamber. This unique 
facility is capable of simulating fog, freezing 
rain and icing conditions continuously while 
the performance of insulator strings, 
energized at up to 370RV, is monitored. 
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Ontario Hydro began as a small 
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group that was formed in 1912 to 
meet requirements for standards 
and testing, and since that time it 
has grown with Hydro in experi- 
ence, size and reputation. The 
Division cooperates with other 
parts of the Corporation to pro- 
vide research and development 
related to the engineering and 
operation of the power system 
and the utilization of electricity. 
It is a comprehensive, fullyinte? 
grated and modern research 
establishment. 


VICE-PRESIDENT’S MESSAGE 


ntario Hydro, by making avail- 
able a reliable and relatively inexpen- 
sive supply of electrical energy, provides 
significant support for the economy of 
the Province of Ontario. It is supported 
in turn by a research function that is a 
recognized world leader in electric util- 
ity research. Traditionally, Ontario 
Hydro’s research has been directed at 
maintaining the high standard of ser- 
vice that its customers have come to 
expect. Recently the Research Division 
has also begun playing a much more 
active role in support of Hydro’s indus- 
trial customers. 


The Division’s Electrotechnologies 
Laboratory was established to help 
Ontario manufacturers evaluate vari- 
ous electrical technologies. Facilities for 
assessing the technical and economic 
effectiveness of microwave, infrared, 
radio-frequency and heat pump tech- 
nologies are available. This year, a 
number of Ontario manufacturers took 
advantage of the expertise offered by 
Ontario Hydro and, through our 
Regional Marketing groups, contacted 
Research Division staff regarding possi- 
ble applications of these technologies in 
their manufacturing operations. 


We are pleased to be able to assist 
our customers in this way. Ontario 
Hydro has a history of transferring 
technology to the industries of Ontario. 
We hope that our current efforts will 
help to improve the competitiveness of 
our manufacturers. 
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L.G. McConnell 
Vice-President 
Power System Program 


L. G. McConnell and D. Mills are shown 
standing in front of a dehumidification 
chamber that is being used to dry various 
food products. Research has demonstrated 
that this efficient drying technology can 
provide energy savings of over 55 per cent 
and improve the quality of the final product. 
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No eighty-six was an event 


ful year for the Research Division of 
Ontario Hydro. 


During the past few years, the 
Research Division has developed a 
“technical ladder” for its professional 
staff which will allow the Corporation 
to recognize scientific and engineering 
expertise of staff members without 
burdening them with administrative 
responsibilities. In 1986, the technical 
ladder was implemented and five 
appointments were made. The senior 
staff members affected by this change 
will now be able to devote more of the 
effort to initiation and accomplishmen 
of critical research. 


Early in 1986, our new Heavy Mec 
anical Test Building was completed an 
fully occupied. The building has a gros 
floor area of 6300 square metres and 
significantly expands the mechanical 
testing capabilities of the Research 
Division. The main laboratory has a 
large strong floor with a capacity of 
1500-kN tension, compression and 
shear per anchor bolt, and an environ- 
mental test chamber with a temperatur 
range of -60°C to 100°C, which is 
equipped with a strong floor suitable 
for static and dynamic testing. The 
building also houses an indoor conduc 
tor dynamics laboratory, which accom 
modates one 50-m and one 100-m test 
span. 


The Research Division Awards Pro- 
gram, started in 1985, was imple- 
mented in 1986 and the first annual 
awards presentations reception was 
held. The awards are designed to give 
management an opportunity to recog- 
nize outstanding contributions, both 
technical and non-technical, made by 
staff of the Division. 


During 1986, the Bo ah Division 
maintained the high calibre of work 
that has characterized its performance 
in the past. I would like to take this 
opportunity to eee the expertise 
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\Antario Hydro has a large, 
diverse and effective resource of gener- 
ating facilities. In 1986, the Corpora- 
tion generated 119 356 687 MWh of 
electricity. This included 58 213 420 
MWh generated at nuclear stations, 
23 966 988 MW-h generated at fossil- 
fired stations and 37 176 279 MWh 
generated at hydro-electric stations. 


The nuclear units, of the CANDU 
design, are certainly among the most 
effective and reliable in the world. They 
generate energy at low cost, their safety 
record is good and their radiation 
emissions are well below the limits set 
by regulatory authorities. Research 
Division efforts directed towards 
maintenance and improvement of the 
effectiveness of these units include non- 
destructive evaluation of reactor fuel 
channels, and studies of materials 
integrity, structural integrity, decon- 
tamination in preparation for reactor 
maintenance and the separation, stor- 
age and ultimate utilization of tritium, 
a by-product of reactor operation. 


Most of Ontario Hydro’s fossil-fired 
units are large and a small defect can 
_ cause a costly power outage. The 
Research Division is responsible for 
helping to solve problems as they occur 
and for developing techniques to avoid 
failures and to extend unit lives. 


Significant changes in the design of 
hydraulic units occur relatively infre- 
| quently; these units may therefore 
| involve fewer operating and mainte- 

__ nance difficulties. Research Division — 
projects include monitoring of the per- 
formance of large hydraulic structures, 
_ development of techniques for predic- 
__ tive maintenance of hydrogenerators, 
_and development of electronic devices 
_ such as the digital speed switch for con- 
ote auxiliaries during unit run-up. 


Bo of a tritium einen system, 

is glove box makes use of vacuum pumps, 
Ives, instrumentation and 

terconnecting piping to immobilize pure 
tritium gas for later recovery or 
"permanent storage. The system is part of 
Ontario Hydro’s Tritium Removal Facility 
located at Darlington NGS. 


NUCLEAR 


Characteristics and Performance of 
CANDU Fuel Channels 


Studies of the effects of hydride on the 
performance of fuel-channel pressure 
tubes (PTs) continued in 1986. There is 
continuing interest in delayed hydride 
crack velocities and in the effects of 
hydride on PT fracture toughness and 
on hydride crack initiation, blister 
growth and fracture. Novel techniques 
for measuring hydrogen contents in PTs 
are being investigated. 


Delayed hydride cracking tests 
showed that both PT microstructure 
and thermal history have significant 
effects on the plateau velocities of crack 
propagation. However, hydride size 
and orientation were shown to have 
negligible effects. 


Crack initiation was achieved in four- 
point bend tests. A test technique is 
being developed to simulate the effects 
of increasing hydrogen content in high- 
stress rolled-joint zones. Zero-clearance 
rolled joints are being examined ina 
program funded by COG. 


Tests of the fracture toughness of 
small specimens have shown that large 
proportions of radial-axial-oriented 
hydrides seriously embrittle PTs at tem- 
peratures below 240°C. 


Measurements of the spatial distribu- 
tion of deuterium in blisters grown in 
the laboratory were made with an ion- 
beam microprobe technique developed 
at Queen’s University, and these agreed 
well with modelled blister growth. The 
blister-growth results were used in pre- 
dictions of blister probability for reac- 
tors being considered for SLAR and 
those for which REFAB is likely. A 
Monte Carlo computer model for these 
applications, developed in conjunction 
with Crosscurrents Research, is generat- 
ing wide interest in the Corporation. 


Finite element analysis has shown 
that the stresses associated with blister 
formation are strongly dependent on the 
distribution of hydrogen within the blis- 
ter. As hydrogen concentration 
increases, the hydride phase yields and 


internal compressive stresses decline. 
_ Large blisters are believed to crack at a 


lower stress because their internal com- 
pressive stresses are lower and thus a 
smaller applied stress is needed to reach 
a critical tensile value. Ongoing work 
includes a 3-D finite-element analysis 
and tests of blisters grown under stress. 


The Tube Response After Contact 
(TRAC) program continued to generate 
significant information about thermal 
boundary conditions between contact- 
ing tubes and about blister growth and 
fracture. Tests that simulate contact 
between a PT and a calandria tube have 
produced extensive temperature distri- 
bution data under various thermal 
boundary and loading conditions. A PT 
sample with a known hydrogen concen- 
tration is being tested to determine the 
effects of a growing blister on the tem- 
perature field in the contact region. 
Tests at SPEL using a simulated reactor 
situation for nine channels produced 
small blisters on all nine channels and 
some indication of preferential blister 
growth. These same tubes are being 
used to test the performance of the 
SLAR tool. 


At present, only limited corrosion an: 
hydriding data exist for Zr — 2.5wt% 
Nb PT material. Considerable effort 
has been spent on development of a fuel- 
channel-corrosion and hydriding 
behaviour model for predicting long- 
term in-reactor performance under both 
boiling and non-boiling conditions. 


In-reactor tests using carrier fuel bun- 
dles and out-reactor tests are being per- 
formed in a number of coordinated 
AECL-Ontario Hydro research pro- 
grams. At the Research Division, tests 
are carried out in static and refreshed 
autoclaves under simulated Primary 
Heat Transport (PHT) coolant condi- 
tions to establish the long-term effects of 
temperature, operating time, type of 
alloy and impurities, PT surface finish, 
water chemistry and oxide thickness on 
corrosion rate and hydriding behaviour 
of Zr — 2.5wt%Nb. In parallel, post- 


“service examination of PTs is now being 


made at regular intervals and a com- 
puter data base has been established for 
all data from this source. 


Collaborative research programs 
have been established with Toronto, 


‘Windsor and McMaster Universities to 


provide fundamental understanding of 
deuterium adsorption mechanisms and 
to develop remedial measures for new 
PTs and PTs now inservice. 


Studies of the effects of deformation 
on PT performance continued. Both in- 
reactor and out-reactor experiments 
were made to increase our present 
understanding of the deformation 
behaviour of Zr—2.5wt%Nb PTs 
under normal and potential load- 
manoeuvering operating conditions. 


Recent results from a growth study in 
the DIDO reactor at AERE Harwell 
indicate that small changes in the irradi- 
ation temperature can result in signifi- 
cant changes in both the sign and the 
magnitude of the strain transients. The 
implications of these results to the ser- 
vice performance of the PTs are being 
analyzed. 


Nondestructive Evaluation of Reactor 


Fuel Channels 


The fuel Channel Inspection and 
Gauging Apparatus for Reactors 
(CIGAR) has been in operation for more 
than a year and has proven to be very 
successful and reliable. However, its 
operation has highlighted requirements 
for improvement which are now being 
addressed. These include the develop- 
ment and inclusion of a multiplexer sys- 
tem which will allow additional 
inspection functions to be undertaken. 
An inspection system quite similar to 
CIGAR is now under construction for 
use in the vertical pressure-tube reactor, 
CIRENE, in Italy. 


A pressure-tube failure at Bruce NGS 
created requirements for a considerable 
amount of nondestructive evaluation in 
1986. This included development of a 
75-MHz ultrasound technique which 
indicates reliably the presence of tight, 
shallow defects of the kind thought to be 
responsible for the failure. The tech- 
nique is now being used by an opera- 
tional group to examine all 
pressure-tube off-cuts and by the manu- 
facturer to inspect all tubes not yet 
installed at Darlington NGS. 


Steam-Generator Corrosion and 
Cleaning 


Tube corrosion under sludge deposits 


is the main cause of failure in nuclear 
steam-generators throughout the world. 
The area of most interest in our reactors 
is the sludge pile on the tubesheet. 


A test program was carried out to 
determine the susceptibility of Monel- 
400 tubing from Pickering NGS to 
under-deposit corrosion as a result of 
impurities introduced by in-leakage of 
condenser-cooling water. A similar 
study is underway with Darlington NGS 
Incoloy-800 tubing. Autoclave and loop 
tests are also being carried out in a study 
of the effects of temperature, water 
chemistry and metallurgical conditions 
on stress-corrosion cracking and crevice 
corrosion of tube alloys. 


A laboratory program is underway to 
relate the nature and degree of tube 
degradation to the high-pressure burst- 
ing characteristics of the tubes and thus 
provide better definition of the service 
limits of degraded tubes. The develop- 
ment of a technique to measure operat- 
ing stresses and vibrations of 
steam-generator tubes continued. An 
ultrasonic probe was optimized for the 
detection of pitting of steam-generator 
tubes. 


Steam-generator deposits result 
mainly from ingress of corrosion 
product impurities with the feedwater. 
A project to monitor this transport into 
the steam generators at Bruce NGS B 
was begun in 1986 and development 
work was continued on two techniques 
for the removal of the deposits: high- 
pressure water jetting for Pickering 
NGS, and chemical cleaning for Bruce 
NGS. Final refinements were made to 
the water-jetting nozzle design to 
improve flow efficiency. Long-term test- 
ing of the corrosive effect of chemical 
cleaning on steam-generator materials 
has failed to show any significant 
degradation. 


Corrosion and Fouling of Heat. ce 
Exchanger Tubes 


Under-deposit corrosion failure of 
heat-exchanger tubes continues to be a 
major cause of nuclear unit downtime, 
particularly at Pickering NGS. The 
influence of biological activity on the 
formation of deposits on heat- 
exchanger tubes and on corrosion is 
being studied by means of laboratory 


experiments and a test rig system oper- 

ating at Pickering NGS. A second rig is 

being built for Darlington NGS. Ultra- 

sonics are being investigated as a means 
of controlling biofouling. 


The influences of temperature, water 
chemistry, and alloy composition on 
localized corrosion in a lakewater envi- 
ronment of several candidate heat- 
exchanger tube alloys are being studied. 
A wide range of testing techniques, 
which include electrochemical, immer- 
sion and on-site test rigs, are being used 
to develop correlations between labora- 
tory and in-service performance. This 
will allow preparation of life estimates 
for a variety of heat-exchanger-tube 
alloys. 


Monitoring of Large-Diamet 


a leak-before-break approach to moni- 
toring of structural integrity of large- 
diameter piping in the primary 
heat-transport system at Darlington 
NGS. An extensive program of testing 
to determine the properties of piping 
material, welds and forgings has been 
completed. 


A computer portrayal of the operating 
stresses in a tee junction in the outlet header 
of the heat-transport system of a CANDU 
nuclear reactor. This fringe’ plot was 
graphically produced with software and 
hardware provided by Ontario Hydro’s 
Design and Development Division. 


For fracture-mechanics analysis, a 
Ramberg-Osgood representation of 
A106B tensile data was completed, and 
a commercially available finite-element 
program was verified by comparing its 
output with the results of laboratory 
testing. Work on three-dimensional, 
elastic-plastic, finite-element analysis of 
elbows and tees with hypothetical 
cracks is continuing. 


Detection and Quantification of Leaks 
in Containment Envelopes 


Current practice for location of leaks 
in the containment envelopes of nuclear 
power plants requires a commercial leak 
detection solution to be sprayed on 
equipment and structural components. 
Research, cofunded by COG-CAN- 
DEV, to find more effective detection 
methods has been in progress for some 
years. 


A leakage catcher was developed 
which could be used to provide quanti- 
tative leakage-rate information. Poly- 


ethylene film is draped over the leak site 
and attached by heat welding or by 
application of a hot-melt adhesive. The 
leakage is captured and then allowed to 
exhaust through mass flowmeters. 
Leakage rates ranging from 0.1 L/min 
to 100 L/min can thus be measured. 
Testing of Nuclear Process Equipment 

At the Division’s Nuclear Process 
Components Test Facility, testing of a 
large isolation valve for the Bruce NGS 
A emergency coolant-injection system 
was completed. The results demon- 
strated that modifications to motor size, 
position sensing, and control logic will 
prevent recurrence of mechanical dam- 
age discovered during regular testing of 
valves installed at the station. 


A project was initiated to investigate 
at reduced scale the rough operation and 
vibration of PHT pumps and piping sys- 
tems under unsteady two-phase steam— 
water flow conditions. The resulting 
data will improve the analysis of PHT- 


A sophisticated ultrasonic instrument in use to detect and amplify the noise of air escaping 
through a staged leak ina pipe fitting. The work is part of the development of fast and reliable 


ah a 


methods for detecting leaks in the containment envelopes of nuclear stations. 


system integrity during unusual operat- 
ing conditions such as depressurization 
due to a small pipe break. 


The development of on-line condition 
monitoring of PHT pumpsets was 
advanced by a unique series of labora- 
tory tests on a full-scale machine. Vari- 
ous deficiencies such as unbalance, 
misalignment, and shaft and bearing 
rubs were introduced under controlled 
conditions. The test results were used in 
developing procedures for detecting 
these faults with the standard comple- 
ment of vibration transducers installed 
on machines at the stations. 


Decontamination Studies 


There is a continuing requirement for 
reduction of radiation fields in the vicin- 
ity of reactor system components. Stud- 
ies were carried out in 1986 to improve 
the CANDECON decontamination 
process and to develop solvents for the 
decontamination of surfaces where 


CANDECON is of limited 
effectiveness. 


A corrosion inhibitor was used in the 
successful CANDECON decontamina- 
tions at Pickering NGS in 1984 and 
1985. However, because of its sulphur 
content, this material cannot be used at 
Bruce NGS. On the basis of a literature 
survey and an extensive set of labora- 
tory screening tests, three candidate 
alternative inhibitors have been identi- 
fied for further evaluation. 


The CANDECON process now in 
use is relatively ineffective for dissolu- 
tion of the chromium-containing oxide 
films on stainless-steel surfaces such as 
end fittings. A pre-treatment is required 
to make the oxide more susceptible to 
dissolution by the CANDECON sol- 
vent. A process based on an alkaline per- 
manganate treatment was optimized for 
use in end-fitting decontamination, and 
a promising chemical modification to 
the process has been identified and will 
be tested further. 


Support was provided for the decon- 
tamination of the heat-transport sys- 
tems of Pickering Unit 4 and Bruce Unit 
1, and of the moderator system of Pick- 
ering Unit 2. 


Reintorced Concrete, in Nuclear 
Stations 


Under LOCA ee the rein- 
forced-concrete components of nuclear- 
containment structures might be 
exposed to very high thermal gradients 
which could cause stressing, cracking 
and distortion that could affect the func- 
tion and safety of the structure. 


An investigation of thermal gradient 
effects in reinforced concrete contain- 
ment structures was therefore under- 
taken by the Civil Research Department 
and the Design and Development Divi- 
sion — Generation. Experimental work 
involved the construction and testing of 
large-scale models and the gathering of 
much needed data on structural 
response. Theoretical work was under- 
taken to develop more accurate methods 
of analysis and prediction. 


In 1986, testing was completed with 
the second model and begun with the 
third and last model. Data obtained up 
to now supports the findings with the 
first test model, which indicated that the 
analytical procedures used previously 
were somewhat optimistic in predicting 
the induced stresses. The analytical pro- 
cedure developed recently, however, has 
been shown to predict response more 
accurately, and it is now being used in 
analyses of various containment struc- 
tures under actual load conditions. 


Tritium Technology 

The Tritium Immobilization System 
has been built and shipped to Darling- 
ton NGS for installation in the Tritium 
Removal Facility. This system receives 
pure tritium gas from a train of cryo- 
genic distillation columns and stores the 
gas in metered quantities as a metal tri- 
tide on titanium sponge. It is expected to 
be commissioned in mid 1987. 


The investigation of hydrogen per- 
meation through metals has led to the 
development of two devices. One of 
these, a prototype hydrogen pump now 
being evaluated, relies on the unidirec- 
tional movement of atomic hydrogen 
through a composite metallic mem- 
brane. The other, an atomic hydrogen 
monitor, relies on the ability of thin 
metallic membranes to discriminate 
between atomic and molecular hydro- 


gen that impinges on the upstream sur- 
bee This is the only device capable of 
directly measuring low-energy radial 
atomic-hydrogen fluxes from the 
plasma to the wall. It has been tested on 
the tokomak, TEXTOR, at Julich, West 
Germany. 


Requirements for techniques to 
provide safe storage of tritium and to 
minimize the release of tritium to the 
environment have motivated studies of 
the interactions of hydrogen with 
hydride-forming metals. For the first 
requirement, the hydriding characteris- 
tics of uranium powder and titanium 
sponge have been studied under a vari- 
ety of operating conditions. This work 
has led to the development of 5-kCi and 
500-kCi storage beds. For the second 
requirement, the use of zirconium alloys 
to remove free or chemically bound tri- 
tium from inert gas streams is consid- 
ered to be a viable approach. Scavenging 
beds are being developed for this 
application. 


A process is being developed which 
uses a laser to selectively remove tritium 
from either light or heavy water 
streams. The molecules of the working 
gas, trifluoromethane, strip tritium 
from molecules they contact in the water 
stream. When the gas is irradiated by the 
laser, only the tritium-bearing molecules 
dissociate; the dissociation products are 
subsequently removed from the gas 
stream for further enrichment and stor- 
age. Current research activities centre 
on optimizing the stripping and laser 
dissociation processes. 


Tritium-activated lamps are ideally 
suited for remote applications where 
power supply is restricted or non-exis- 
tent. These lamps use phosphor irradi- 
ated by electrons from tritium decay to 
generate the light and a dye-impreg- 
nated plastic to concentrate it. Laser 
spectroscopic studies have identified the 
combination of materials needed to 


_ maximize lamp brightness. 


Hydrogen-isotope separation based 
on gas chromatography is being devel- __ 
oped for possible applications in fusion- _ 


reactor gas-streams and tritium 


laboratory processes. The first applica- _ 


tion is in separating trace quantities of 
protium (H2) from a stream of deu- 
terium (D2) and tritium my 2). A A por 


development provides a tenfold increase 
in protium decontamination factor and 
concomitant increase in throughput as 
compared with conventional gas chro- 
matographic approaches. The second 
application is in separating the six iso- 
tope species in an equimolar mixture of 
H, D and T. Laboratory studies have 
shown that improvements over conven- 
tional approaches in both separating 
power and throughput are feasible. 


Control of Water Chemistry 


The ability to maintain appropriate 
chemistry and purity of water in 
CANDU systems such as the moderator 
and primary heat transport circuits, and 
in the irradiated fuel bays is essential for 
the safe and efficient operation of 
CANDU units. 


Jon-exchange resins have a major role 
in the chemistry control and purification 
of water in these systems. Because of 
continuing inconsistencies in the quality 
of some of the ion-exchange resins, a 
detailed quality-assurance program was 
undertaken to ensure that only resins of 
acceptable quality are used in our 
nuclear stations. This program has sig- | 
nificantly reduced the number and mag- 
nitude of resin-related problems, __ 
resulting in substantial cost savings. 


_ Studies of the basic chemistry of 
gadolinium (a neutron poison) were 

continued to establish the chernical c con- 
ditions that would prevent or m 
Gd precipitation in CANDU moderator . 
systems. Also, the causes of poor pi 
mance of mined resins in CANDUr 
erator systems are being examined by 
the use of test ion-exchange columns: 
installed in the Le — B moe 
ator systems, 


Carbon-14 Stndies. 


Chora by ae C ah n=! 
Group, the Research and othe 
Divisions made ue toc 


particles. Relatively high specific activ- 
ity particles have also been found and 
separated from the iron particles. Some 
of the Unit 2 particles also show a dis- 
tinct dendritic morphology and this 
gives some clue to its formation and 
deposition. Assistance has been given to 
the Technical and Training Services 
Division in developing techniques for 
the safe removal and containment of the 
material from system surfaces. 


A carbon-14 removal system for the 
moderator cover-gas was assembled by 
the Chemical Research Department in 
cooperation with the Design and Devel- 
opment Division — Generation and NPD 
NGS. The system, based on a patented 
process developed by Chemical 
Research, will be operated at NPD NGS 
for six months or more to demonstrate 
its performance in a CANDU nuclear 
station environment. 


A welder, wearing a safety harness developed by Ontario Hydro, 


THERMAL 
Ll 


Thermal-Plant Life Assessment 
LL 

Current forecasts of loads and system 
capacity indicate a long period of con- 
tinuing requirement for the thermal 
units now in service on the Ontario 
Hydro system. Since most of these units 
are approaching or have exceeded their 
100 000-hour design life, careful predic- 
tion of the remaining life of critical com- 
ponents and systems in these units has 
become very important. 

The Research Division played a 
major part ina life assessment of Unit 1 
at Lakeview TGS. A surface replication 
technique recently evaluated under CEA 
contract was used for component 
appraisal and damage detection. 
Acetate replicas of surface microstruc- 
ture were made at selected locations and 
then subjected to microscopic examina- 


tion in the laboratory to check for cavi- 
ties, cracks or excessive structural 
degeneration. Residual life estimates for 
large quantities of superheater and 
reheater tubing from thermal units were 
made using a refined version of the 
method based on measured loss of tube- 
wall thickness. 


ee 
Creep Life of Major Boiler Components 
ee 


On the basis of demonstrable conser- 
vatism in the original design, consider- 
able life-extension may be feasible for 
high-temperature headers and steam 
piping if there is no obvious creep dam- 
age such as cracking or swelling. Two 
approaches to life extension are being 
explored: improvement in understand- 
ing of the stress that controls creep 
deformation; and accurate prediction of 
the long-term creep properties of the 
component material. 


is lowered to the top of the 198 metre Nanticoke GS stack to make repairs. 


Tests at Research on both uniaxial 
(tensile) and multi-axial (pressurized 
tube) specimens of 2-1/4Cr-1 Mo steel 
have shown that the creep rate of cylin- 
drical-geometry components is best pre- 
dicted by applying the reference stress 
based on von Mises yielding to uniaxial 
test data. 


Since this stress is about 15 per cent 
lower than the mean-diameter hoop 
stress used in design, a significant degree 
of design conservatism is clearly indi- 
cated. These tests have also shown at 
that long-term creep behaviour under 
both uniaxial and multi-axial loading 
may be predicted by applying the “O- 
projection” method to relatively short- 
term test data. 


Corrosion-Fatigue of Carbon Steel 
Components 


Thermal and nuclear units differ in 
component geometries and operating 
conditions, but metallographic exami- 
nation of failed components has sug- 
gested that corrosion-fatigue in tubes 
and larger carbon-steel components in 
these two types of units is basically simi- 
lar in nature. A review of fatigue in car- 
bon steel exposed to high-temperature 
water revealed that there is only limited 
understanding of the crack initiation 
process and a virtual absence of relevant 
data. For crack growth, an extensive 
data base exists for the steels and water 
conditions used in light-water reactor 
systems, but its relevance to Ontario 
Hydro thermal and nuclear units is not 
known. 


Atest facility has been built for gener- 
ating representative corrosion-fatigue 
cracking in sections of carbon-steel 
boiler tubing. Cyclic mechanical load- 
ing is applied by a servo-hydraulic 
system and a realistic waterside environ- 
ment is provided by a high-temperature 
flowing loop. The facility will be used in 
atest program that is part of a major 
EPRI contract on corrosion-fatigue in 
boiler tubing. 


Treatments to Prevent Exfoliation in 
Reheater Tubes 


Uncontrolled release of exfoliated 
oxide scale from steam-exposed sur- 
faces in superheaters and reheaters can 
lead to serious mechanical damage to 
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In preliminary measurements, flicker 


turbine equipment. However, labora- 
tory tests have shown that when tubes 
are treated with borate solutions the 
growth of steamside scale is slowed, 
scale adhesion increases and exfoliation 
decreases. On the basis of these results, 
chemical treatments have been devel- 
oped to reduce exfoliation in super- 
heater and reheater tubes. The field 
testing of treated 2-1/4 Cr-1Mo 
reheater tubes is in progress in Unit 1 at 
Lambton TGS. 


Combustion Research 

The Research Division’s Combustion 
Research Facility (CRF) was substan- 
tially upgraded during the past two 
years to facilitate both combustion 
research and fuels characterization 
work under conditions that simulate 
full-scale boiler operation. 


Combustion performance, pollution 
potential, slagging and fouling proper- 
ties and ash characteristics of a benefici- 
ated coal from western Canada were 
evaluated at the CRF and compared 
with the characteristics of a high- 
volatile bituminous coal from the east- 
ern US. The effects of combustion 
additives in improving carbon utiliza- 
tion at Ontario Hydro’s thermal stations 
were also investigated. A proprietary 
catalyst dissolved in a petroleum-based 
carrier was injected with the coal stream 
at rates ranging from ().6 to 1.8 mg per 
ke of coal. The effect varied with rate of 
catalyst addition; carbon in ash was 
reduced from baseline levels by 15 to 50 
per cent. The additive did not affect ash 
characteristics, slagging and fouling. 
Full-scale testing of the additive is 
planned for 1987. 


The spectral characteristics of 
infrared emissions from coal flames are 
being examined at the CRF for the 
Saskatchewan Power Corporation as 
part of acontract with CEA. The objec- 
tive is to characterize coal-flame emis- 
sions in terms of wavelength, position in 
the flame, and flicker. The results will 
be used to look for emission features 
that will reliably indicate the presence or 
absence of individual flames in a multi- 
burner boiler. This research is con- 
tributing to the development of new 
coal-flame scanners with improved per- 
formance in boiler control applications. 


frequencies have been characterized as a 
function of wavelength between 2 and 3 
microns for bituminous coals and lig- 
nite. The original data tapes have been 
sent to Saskatchewan Power for com- 
puter analysis. These measurements 
show that detailed spectral information 
can be obtained in the infrared under the 
difficult conditions that exist in coal- 
fired boilers. 


HYDRAULIC 


Mosccae the Performance of Ce 
Hydraulic ‘ Structures _ 


As part of the Ontario oHydroD Dam 
Safety Program, the Civil Research 
Department has installed deformation 
monitoring devices, consisting of 
inverse pendulums, normal pendulums, 
wire extensometers and alignment sur- 
vey grids in major concrete dams at 
Stewartville, Mountain Chute and Des 
Joachims Generating Stations. 


Evaluation of the condition of the 
concrete in hydraulic structures is con- 
tinuing. Selected sites are visited and 
visually assessed and samples of con- 
crete are obtained by core drilling for 


_examination and testing. Recommenda- 


tions for repair materials and proce- 
dures are drafted. 


As part on its Dam Safety bores One 

Hydro monitors the structural integrity of 

mass concrete hydraulic structures such as 

ie: McConnell Lake control dam shown 
ere. 


Civil Research is setting up systems 
for remote monitoring of the slopes and 
foundations of hydraulic structures. 
Typical projects include assessment of 
rock slope movements at the Ontario 
Power GS, measurement of water levels 
in weirs adjacent to the pumped-storage 
reservoir embankment at Sir Adam Beck 
— Niagara GS and determination of 
foundation drainage flow at Stew- 
artville GS. Data is transmitted from the 
field to computers at both the Research 
Division and Head Office where analy- 
ses are undertaken. Remote monitoring 
enables initiation of corrective action at 
an early stage when necessary. 


Monitoring for Predictive Maintenance 
of Hydrogenerators 


Research under contract with EPRI 
has led to significant improvement in 


techniques for planning and undertak- 
ing hydrogenerator maintenance. Com- 
puter-based monitoring systems have 
been installed at two generating stations 
as pilot projects to evaluate the benefits 
of the program. 

This innovation has been made prac- 
tical by the microcomputer, which 
brings together signals relating to 
mechanical, electrical, hydraulic, and 
thermal performance for comparison 
and evaluation. The improved data 
made available to operators in this way 
is advantageous because maintenance 
can be advanced if necessary to prevent 
a defect from becoming a catastrophe, 
or postponed for a machine which mon 
itoring has shown to be in good condi- 
tion. This can save immediate costs for 
maintenance labour and for replace- 
ment power from higher cost 
generators. 


Another advantage of electronic mon- 
itoring is that the needed data can be 
transmitted over a single telephone line 
or microwave channel - important for 
predictive maintenance of Hydro’s 
many remotely operated stations. For 
an initial trial, two hydrogenerators — 
one at Sir Adam Beck — Niagara GS and 
the other at Robert H. Saunders — St. 
Lawrence GS — have been fitted with 74 
channels of computer-based monitoring 
for predictive maintenance. These large 
multi-unit plants were chosen as demon- 
stration sites because it will be easy to 
expand monitoring to identical units. 


More effective monitoring of 
mechanical vibration of large rotating 
shafts has been made possible by appli- 
cation of the eddy-current proximity 
probe, which measures the clearance 
between rotating shafts and their bear- 


A pendulum is being lowered, from the deck of the control dam at McConnell Lake, to measure structural changes within the body of the dam. 


As part of Ontario Hydro’s Dam Safety Program, the Research Division has installed instrumentation in nine hydraulic structures to ensure that 
stresses resulting from Mee ee changes and fluctuating water levels are within acceptable limits. 
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ings without touching the shaft. Similar 
probes monitor shaft axial position 
which is the best indicator of impending 
thrust-bearing failure. 


Generator air gap is also measured. 
This is important because unbalanced 
magnetic forces can cause “pull-over” 
with resultant interference between 
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rotor and stator iron. This causes heat, 
sparks and debris which soon destroy 
the winding and core on both rotor and 
stator. 


The well planned predictive mainte- 
nance made possible by these develop- 
ments is an essential part of any 
program to prevent failure and extend 


the life of large electrical machinery and 
so defer enormous expenditures for 
equipment replacement. 


Digital Speed Switch 


While a hydraulic generator is being 
brought up to speed prior to being con- 
nected to the power grid, several pieces 


After stabilization of the rock-cliff at Ontario Power GS, 250 meters downstream from Horseshoe Falls, this area of the cliff is being monitored 
by sliding micrometers and remotely-read computerized extensiometers. Stabilization is achieved by use of shotcrete, cable anchors and 
pressure-relief holes. 


of auxiliary equipment must be turned 
on and off as the unit reaches certain 
speeds. A microprocessor-based Digital 
Speed Switch (DSS) has been developed 
to improve the reliability of such con- 
trols on hydraulic generators. The DSS 
contains four control relays, each of 
which can be set to pick up and drop out 
at various percentages of the generator’s 
rated speed. The use of digital setting 
techniques simplifies the setup proce- 
dure and improves the accuracy of each 
set-point. 


OTHER STUDIES 


System and Component Reliability 
Studies 


Ontario Hydro is obliged by its man- 


date to provide its customers with a reli- 


able supply of electric power. System 


_ and component reliability has therefore 


always been a concern, and reliability 
evaluations have been carried out in 
many applications by several parts of 
the Hydro organization. The Research 
Division has contributed to this effort by 


_ developing theoretical foundations for 


some of the applications and by per- 


_ forming diverse studies to assist the 
_ planning, operating and maintenance 


functions. 
Standby Combustion Turbine Units 


_ (CTUs) at Ontario Hydro’s nuclear gen- 


erating stations are designed to supply 


_ power under emergency conditions. 
_ The serviceability of a CTU is tested at 


_ tegular intervals in a procedure that 


includes start-up, operating for a speci- 


_ fied period, and shutdown. Since data 
collected from the tests are incompatible 


with commonly used reliability models, 


_anew model was developed, and new 


performance indices were defined 


specifically for this application. 


Improvements in generating unit reli- 
ability will come from better diagnostic 
sting and more timely preventive 
ntenance. For a number of years, the 
search Division, in cooperation with 
e Thermal and Hydraulic Generation 
vision and CEA, has been developing 
artial Discharge Analyzer (PDA) test 
warn of deterioration of generator 
ation. This PDA test has already 
ificantly improved the reliability of 
ogenerator winding on the Ontario 
ydro system and the systems of dozens 


made in applying the same technology 
to turbo generators. 


Components in complex engineering 
systems, such as pressure tubes ina 
CANDU reactor, are tested at regular 
intervals to ensure safe operation. Some 
test methods are accurate but costly and 
time consuming; others are simple but 
less accurate. A practical test procedure 
may use the simple method to single out 
suspect components, further test them 
by the accurate method, and then repeat 
the process as necessary. A model was 
developed to predict the reliability of 
such a test procedure. 


Environmentally assisted fatigue 
cracking has occurred both in high- 
strength stainless-steel turbine blades 
and in the carbon-steel, primary-heat- 
transport piping of nuclear plant. Holo- 
graphic techniques have successfully 
identified the areas on the turbine blades 
that are most highly stressed and there- 
fore susceptible to cracking. Protective 
surface coatings or more resistant alloys 
can be used in these areas. 


A double-exposure holographic 
method is now being developed to iden- 
tify the more highly stressed regions in 
pressurized components and thereby 
direct ultrasonic inspection to the higher 
risk areas. 


Environmental Qualification of Station 
Equipment 

Simulation of the effects of aging and 
exposure to heat, humidity, radiation, 
dust and seismic loading is sometimes 
necessary in tests to ensure that critical 
equipment will withstand local environ- 
mental conditions and be capable of per- 
forming important safety functions 
throughout its design life. The Research 
Division has developed facilities for arti- 
ficially aging samples of material or 
pieces of equipment and for testing 
equipment under extreme conditions. 
Important test facilities include environ- 
mental chambers with temperature and 
humidity control, ovens for accelerated 
aging, seismic shaker tables, and cham- 
bers for simulation of the high tempera- 
tures and steam pressures that might be 
encountered during a LOCA or a main 
steam-line break. 


In 1986, the Research Division car- 
ried out environmental qualification 
and seismic qualification studies on sen- 
sitive, safety-related equipment for the 
Darlington NGS project. This included 
cables, emergency power-system relay 
panels, terminal blocks and program- 
mable controllers. Facilities for this kind 
of work have been improved by the 
commissioning of a large-capacity 
LOCA-simulation chamber and by 
modifications of the LOCA-chamber 
control system that permit tracking of 
complicated temperature and pressure 
time histories. 


Artificial Intelligence 

Several expert systems are being 
developed to streamline various aspects 
of power-system operations. One of 
these, which involves cooperative effort 
between Ontario Hydro and Stanford 
Research Institute International, under 
contract with EPRI, will assist in the 
diagnosis of generator faults. Another is 
designed to give advice on the type of 
coating most appropriate for a particu- 
lar surface and still another, to assist in 
interpreting the results from eddy cur- 
rent probes used in the inspection of 
nuclear pressure tubes. 


Work is also being done on the appli- 
cation of machine vision and other arti- 
ficial intelligence techniques to robotic 
welding. 

Seismic Hazard Studies 

Ontario Hydro is cooperating with 
the Atomic Energy Control Board, the 
Geological Survey of Canada, the Geo- 
logical Survey of Ontario and the Insti- 
tute for Remote Sensing in a program to 
improve the methodology for assessing 
seismic hazards in southern Ontario. 
The objective is to improve capabilities 
for seismic assessment of areas of scarce 
seismic data by evaluating the near-sur- 
face geological conditions such as rock 
stress and glacial rebound rates. In con- 
junction with this, Civil Research is 
investigating the stress field in near-sur- 
face geological formations in Prince 
Edward County. The study will provide 
direct measurements of rock stress in the 
vicinity of geological faults and field 
data on stress-induced failure in rock 
excavations. 
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DELIVERY SYSTEMS 


Ox Hydro’s facilities for 


power delivery include about 27 000 
circuit-km of transmission line, 

100 000 km of distribution line, and 
large numbers of transformer, switch- 
ing and distributing stations. 


Current research in the area of power 
delivery systems includes applications 
of probabilistic techniques in line and 
station design, study of conductor 
vibration control, improvement of the 
reliability of gas-insulated substations, 
improvement of power-system stability, 
improvement of safety in overhead and 
underground distribution, analysis of 
transient energy voltages and investiga- 
tion of the reliability of distribution 
cables. 


TRANSMISSION 


New Techniques for Transmission Line 
Design 


The Research Division has made sig- 
nificant advances in applying probabil- 
ity methods to transmission line design. 
These include development of wind, ice 
and wind-on-ice load distribution, with 
the random variation of these loads 
taken into account; design and reliabil- 
ity evaluations of wood-pole distribu- 
tion systems; uprating of existing 
transmission lines; models that generate 
meteorological data for medium- and 
long-term periods from relatively short-. 
term records; and management of : 
wopd- pole diy? lines; 


In 1986 development was. completed 
of a computer program hich uses a 
province-wide data base for me 
logical loads in the design of /00 
lines and the im c ; 


systems. Probabilistic models of wind, 
ice and wind-on-ice loads were devel- 
oped for an EPRI guide on reliability- 
based design of transmission lines. An 
international symposium on probabilis- 
tic methods applied to electric power 
systems was sponsored by Ontario 
Hydro, CEA and EPRI, and held in 
Toronto. This drew 180 delegates and 
64 papers from 20 countries. 


It is expected that by the early 1990’s, 
a number of high-voltage underground 
cables in the Toronto and Hamilton 
areas will be loaded, in emergencies, to 
near their currently defined maximum 
capabilities. Since five years are required 
for planning, engineering and construc- 
tion of new facilities, the capabilities of 
the existing system are under review. A 
task group consisting of representatives 
from the Research, System Planning and 
Transmission Operations Divisions has 
undertaken to identify and implement 
the methodology to accurately rate the 
load carrying capability of the existing 
underground cable circuits in a way that 
will reduce the risk of damage or failure 
of cable by overload, but fully utilize the 
available capacity and so possibly save 
on the cost of building new facilities. 


The proposed methodology involves 
a probabilistic approach to the estima- 
tion of cable ampacity that takes into 
account the variability of ambient and 
backfill parameters. Field evaluation of 
the backfill parameters using the 
Research Division’s Thermal Property 
Analyzer is a key element of this study. 


Conductor- Vibration Control 


The conductors of overhead trans- 
mission and distribution lines are sub- 
jected to continuous vibration by the 
wind, Usually the oscillations are not 
severe and there is no significant damage 
by wear and fatigue of conductors and 

hardware during the 30-year design life 
of the line Pose, vibration sensi- 


tor oscillation — aeolian vibration, 
wake-induced oscillation and galloping. 
Aeolian vibration is a low-amplitude 
effect in the 10 to 70 Hz frequency 
range,which is caused by vortex shed- 
ding of the wind and can lead to signifi- 
cant damage at support clamps. 
Wake-induced oscillation in bundle con- 
ductors is a result of buffeting of the lee- 
ward conductor in the wake of a 
windward conductor. When buffeting 
occurs at or near a lateral resonant fre- 
quency of a subspan, high-amplitude 
motion can occur, causing clashing of 
the subconductors and wear and fatigue 
at support clamps. Galloping is a high- 
amplitude, low-frequency vertical 
motion of as much as 10 metres peak-to- 
peak that is a result of the effects of wind 
on an aerodynamically unstable profile 
created by accumulation of ice on single 
or bundle conductors. This motion can 
cause flashovers between conductor 
phases, wear and breakage of conduc- 
tors and hardware, loosening of tower 
bolts and breakage of tower members. 
Research into techniques for ameliora- 
tion of all three conductor oscillation 
phenomena is in progress. 


For control of aeolian vibration, a 
range of alternative designs of vibration 
dampers is being studied in the Divi- 
sion’s newly established 90-m span 
room. The investigations are to deter- 
mine their relative damping perfor- 
mance in the range of vibration 
amplitudes and frequencies encountered 
in service on four-conductor bundles 
and overhead ground wires. 


There have been a few recent indica- 
tions of damage in bundle conductors, 
but wake-induced oscillation is gener- 
ally kept within acceptable limits by use 
of spacer-dampers distributed along the 
bundle span. However, the standards 
for placement of these spacer-dampers 
on Ontario Hydro lines have developed 
through evolution and only one local 
supplier is qualified to meet the purchas- 
ing specifications. Consequently field 
trials of several alternative makes of 
spacer-dampers, placed according to the 
suppliers’ guidelines, have been carried 
out. Monitoring indicates that most of 
these other spacer-dampers have ade- 
quate capacity to reduce vibrations. 
Tests of other aspects of spacer-damper 
design leading to qualification of other 
suppliers are planned. 
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ability of gas-insulated substations 


Galloping studies are continuing with 
field trials of control devices on distribu- 
tion lines and on single- and bundle-con- 
ductor transmission lines in Ontario and 
throughout Canada and in the United 
States and several European countries. 
The CEA is sponsoring two programs: 
“Control of Distribution Line Gallop- 
ing” and “Field Trials of Galloping Con- 
trol Devices for Bundle Conductor 
Lines”. These field programs involve 
trial installations of four control 
devices: interphase spacers, air-flow 
spoilers, aerodynamic dampers and 
detuning pendulums. These devices are 
monitored, during wind and icing 
events causing galloping, by observers 
equipped with movie cameras who com- 
pare the performance of conductor 
phases with the control devices installed 
with the performance of untreated refer- 
ence phases. The field data are then ana- 
lyzed and added to the growing data 
bank on each device. 


A full-body fall-protection harness consisting 
of leg straps, a waist belt, shoulder straps, 
and a shock-absorbing lanyard, is worn by 
CN Rail workers involved in the erection and 
maintenance of telecommunications towers. 
The equipment is based on that used by 
Ontario Hydro workers. 

Up to now statistically supportable 
results have been accumulated for only 
the detuning pendulum on single-con- 
ductor transmission lines and these con- 
firm that the device reduces galloping by 
at least 70 per cent of the maximum the- 
oretical amplitudes. 


Gas Insulated Sibseauan Recah . 


Ontario Hydro’s continuing program 
of active research to improve the reli- 


(GIS) is now addressing some of the fun- 
damental processes active in SF,-insu- 
lated systems. The importance and 
complexity of these investigations has 
encouraged international cooperation. 
They include: 


— Development of a theoretical model 
which predicts the inhomogeneous- 
field breakdown voltage in SF; as a 
function of electrode configuration 
and pressure to an accuracy of 5 per 
cent. This project, partly funded by 
CEA, involves intensive cooperative 
effort among six laboratories scat- 
tered throughout the world. 
Research underway has improved 
understanding of the physics of SF, 
breakdown and promises to unravel 
the complex interactions between 
high-frequency transient over- 
voltages and failure probability. Bet- 
ter designs and test techniques will 
result. : 


— Investigation of the fundamental lim- 
itations to the quality assurance of 
GIS spacers. This project is funded by 
EPRI. It involves four research labo- 
ratories and four GIS manufacturers 
in studies of the fundamental failure 
mechanisms of GIS spacers and in 
development of quality assurance 
measures which will ensure spacer 
reliability as designs evolve. 


Other GIS-related research conforms 
to Ontario Hydro’s needs by emphasiz- 
ing diagnostic techniques and life- 
extension. This has resulted in the 
development of gas-analysis techniques. 
and in studies of moisture dynamics, 
spacer refurbishing and means for pro- 
tecting GIS/cable interfaces during GIS 
faults. 


The success of past efforts and the 
promise of continuing research along 
these lines is resulting in wide interest 
among other utilities that use GIS. 


-Power-Frequency Flashover of Iced : 


500-kV Insulators 

A number of 60-Hz flashovers of line- 
suspension and station-post insulators 
occurred on the 500-kV transmission 
system in southern Ontario after a 


period of freezing rain last winter. Most 


of these flashovers occurred in heavy fos 


and during a sustained rise in tempera- 


A station bus structure is subjected to forces froma drop-test mass that simulate inductive 
forces resulting from opening and closing of disconnect switches. The wrapping of steel chain 
duplicates the weight of ice build-up on the bus. 


ture from a few degrees below to a few 
degrees above freezing. Because of the 
seriousness of this problem, the Divi- 
sion’s high-voltage fog-chamber has 
been extensively modified to enable full- 
scale testing of insulators under simu- 
lated wintertime conditions during the 
summer months. A controlled test 
method has been developed to study the 
performance of lightly contaminated 
and iced 500-kV insulators, as the tem- 
perature is raised in a high-humidity 
ambient. In cooperation with other divi- 
sions a major program is underway to 
evaluate alternative insulator designs 
for future 500-kV lines and stations and 
procedures to improve the reliability of 
existing insulation. 


Power System Stability and Integrity 


Continuing efforts to relieve power- 
delivery constraints imposed by delays 
in the construction of transmission facil- 
ities give high priority to studies of the 
stability of the bulk power system. 


Advanced excitation controls developed 
by the Research Division are in opera- 
tion at Bruce NGS and Nanticoke TGS, 
and power-system stabilizers are now 
being applied to all units at Pickering 
NGS. Use of these controls, possibly in 
combination with tuning of turbine- 
governor controls at Bruce NGS, will 
provide additional damping for low-fre- 
quency modes of oscillation and thus 
allow increased utilization of new gener- 
ating capabilities. In conjunction with 
the System Planning Division, tools and 
models are being developed to accu- 
rately simulate the existing power sys- 
tem and to allow the assessment of 
advanced control strategies. 


Foreign delegations continue to 
request Ontario Hydro’s expertise in the 
areas of excitation systems, stabilizers 
and power-system-stability problems. 
Computer models for the excitation sys- 
tems of some of the generators on the 
power system of the Volta River 


Authority in Ghana are being developed 
and validated by on-site tests. 


A system that will use modern digital 
technology to assist in maintaining 
acceptable power-system integrity in an 
environment of aging and increased 
loading of equipment is at a preliminary 
stage of development. The system is 
intended for installation at substations 
and would provide an overlay to assist 
conventional protections in making 
more intelligent decisions. It would also 
provide detailed and intelligent moni- 
toring for early warning of substation 
equipment failure. 


The ability to monitor system fre- 
quency continuously and record varia- 
tions that occur during disturbances has 
been enhanced by development of the 
Microprocessor Digital Frequency 
Recorder (MDFR). Data stored by the 
MDER in an internal memory can be 
retrieved over standard telephone lines 
for analysis at a central location to verify 
the operation of frequency-responsive 
relays, to check the response of genera- 
tor-governor controls, and to confirm 
the results of computer-based system 
stability studies. 


To date, eight MDFRs have been 
made and four of these are being used by 
US utilities. 


Grounding Studies 


Grounding systems protect utility 
employees and other people from haz- 
ardous voltages that may be generated 
temporarily in fences, structures and 
buildings when insulation fails or con- 
ductors fall to the ground. 


At urban stations, grounding systems 
of conventional design are expensive to 
build because of constrained size. Fortu- 
nately, high-voltage and distribution 
cables used in urban areas are particu- 
larly effective in mitigating the ground 
potential rise. Simplified methods have 
been developed to allow inclusion of the 
beneficial effects of these cables in 
design calculations. 


The steel enclosures of many high- 
voltage cables are insulated from 
ground and maintained at a slightly neg- 
ative potential to prevent corrosion. 
During recent power-system faults, 


there was sufficient arcing between 
these enclosures and grounded steel 
structures to cause oil leaks and one seri- 
ous fire. Measurements made to deter- 
mine why the existing protective device, 
a polarizing cell, and its installation are 
not always effective showed that the 
impedance of the connecting lead is 
often too high. A supplementary protec- 
tor and better analytical tools are being 
developed. 


Intentional power-system faults or 
hand-cranked Meggers have been used 
previously in testing the performance of 
grounding systems, and these tech- 
niques have resulted in potentials which 
are either so high that they are hazard- 
ous or so low that they provide poor res- 
olution. However, Ontario Hydro has 
developed a medium-power method of 
testing which uses a gasoline-driven 
portable generator, a frequency slightly 
higher than 60 Hz and digital network 
analyzers. This method separates the 
test signal from background noise and 
allows accurate measurement of quanti- 
ties that are normally difficult to assess, 
such as step-and-touch voltages, inter- 
ference in communication circuits and 
current splits in distribution-feeder 
neutrals. 


DISTRIBUTION 


Overcurrent Protection of Pad- 
Mounted Transformers 

In underground distribution, trans- 
formers are often installed on concrete 
pads at grade level. Careful consider- 
ation must therefore be given to the 
design and maintenance of overcurrent 
protection devices to avoid hazards to 
people who might be close to a trans- 
former when a fault occurs. Ontario 
Hydro is contributing to improvement _ 
of public safety in this field. 


Investigations by the Research D: 
sion have identified the mechanisms 
: feng to hazardo us failures of the dry- 
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applications have been determined. 
Failure of current-limiting fuses can be 
avoided if these withstand capabilities 
are not exceeded. 


Pad-mounted transformers pur- 
chased by Ontario Hydro in the near 
future will be equipped with an under- 
oil, current-limiting fuse and an oil- 
expulsion fuse. The Research Division is 
developing testing techniques and speci- 
fications to ensure the safety and reli- 
ability of these devices. For the longer 
term, however, use of an entirely new 
development, the Fault Current 
Diverter (FCD), may be considered. In 
contrast to fuses, which interrupt the 
fault current, the FCD is designed to cre- 
ate very rapidly a bolted-type short-cir- 
cuit connection across the input 
terminals of the transformer. This 
almost instantaneously diverts the fault 
current away from the failed trans- 
former to avoid a possibly hazardous 
incident. The system fault is subse- 
quently cleared without harm by 
remotely located and relatively slowly 
acting conventional apparatus, such as 
line fuses and reclosers. 


Analysis of Transient Recovery Voltages 
in Distribution Systems 


The transient recovery voltage that 
occurs across a switch as it interrupts 
current is a critical parameter in the 
design and specification of switches. In 
recent years, however, switches have 
been built with less ability to withstand 
transients in order to reduce costs, and 
calculation of the maximum transient 
that a particular switch can expect to 


encounter is becoming a prerequisite to. 


purchase and ee 


Analysis of transient becay volt- 
apes es soe fo on: i 


This automatic test machine measures the 
breaking resistance of wood transmission 
and distribution poles up to 21 meters in 
length. It can be adapted to accommodate 
poles of greater length. 


agreement between the calculations and 
the measurements of loads has been 
demonstrated. 


Personal-computer programs have 
been developed to facilitate use of these 
modelling techniques by utility distribu- 
tion engineers. 


Safer Distribution and Subtransmission 
Lines 


Catastrophic failures of porcelai 
horizontal line pos insulators onc 


j eo a 


With support from Ontario Hydro’s Distribution Systems Division, the Research Division is developing a comprehensive program for 


increasing the reliability of transmission and distribution wood-pole lines. The effects of local weather conditions are being considered and 
means for more realistic evaluation of individual pole strength established. 


Reliability of De ibucon Cables 


When polyethylene insulation tech- 
nology was adopted for distribution 
cables in the 1960s, it was assumed that 
cable life would be similar to that for oil- 
paper designs; that is over 30 years. 
However, it was soon discovered that 
high-molecular-weight polyethylene 
cables, adopted initially by American 
utilities, were adversely affected by 

moisture ingress, and had to be replaced 
after only 10 years of service. Subse- 

quent widespread adoption of improved 

_ insulation, cross-linked polyethylene, 

_ which because of its higher thermal rat- 

_ ing is the type now widely used in 

_ Canada, has provided better perfor- 

_ Mance. Even so, there is still concern 

that these cables will not last for 30 

ears and the problem is being 

ddressed by the industry on several 

fronts. 


In Ontario Hydro and the municipal 
lity systems, investigations of cable 
failures have identified problem areas 


that can be alleviated by practical 
approaches. For example, voids and 
contaminants from manufacturing have 
been found in failed cable. Improved 
inspection services may therefore be 
helpful in producing longer-life cable. 
Also, improper handling can damage 
insulation, and storing cables with the 
ends uncapped allows water to enter 
and initiate a water-treeing failure 
mechanism. 


A technique for recording failures has 
been developed which will facilitate 
identification of cable problems as they 
arise, The recorded data will serve as the 
basis for development of an optimum 
cable-replacement program. 


Wood-Pole Management 


A program to apply destructive and 
nondestructive testing and probabilistic 
analysis in evaluating wood poles on the 
distribution system has been initiated. 
These techniques will provide more pre- 
cise and more complete testing of poles 


replacement. 


and will weigh the probabilities of coin- 
cidence of high loads and low strengths. 
Implementation is expected to improve 
the reliability and reduce the operating 
costs of the distribution system. 


A test machine has been developed 
and built which automatically tests 
poles at bending loads of up to 1700 
kN-m. In its present configuration, the 
machine tests poles up to 21 m long, but 
it can accommodate longer poles. Non- 
destructive evaluation (NDE) methods 
now in use for wood poles are highly 
judgemental and provide no strength 
values. However, the new wood-pole 
NDE apparatus is designed to determine 
actual strengths of poles now in service 
on the system. 

Probability analysis will be used to 
predict the reliability of distribution 
lines on the basis of the data developed 
by the NDE and pole-strength tests. The 
analysis will also provide a basis for 
determination of requirements for pole 
inspection, retreatment and 
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UTILIZATION 


if 
% 
i 


eee can be converted to 
many forms of energy, and used in vari- 
ous applications with finer control and 
better efficiencies than are generally 
achieved with processes driven by fossil 
fuels. In Ontario, these benefits are 
compounded by electricity costs that 
are lower than in most other parts of 
the world. 


To promote optimum use of electric- 
ity and thus improve the effectiveness 
of industrial and commercial customers 
and the comfort, convenience and 
economy of residential customers, 
Ontario Hydro participates in the 
development, evaluation and demon- 
stration of electrically based processes. 
The Research Division carries out a 
large part of this work, cooperating 
with other parts of the Hydro organiza- 
tion, and with CEA, other industrial 
and professional associations, govern- 
ment and consumer agencies, and indi- 
vidual customers. 


INDUSTRIAL 


Ontario Hydro cooperates actively in 
the development and demonstration of 
efficient new electrical processes in 
order to improve the competitive posi- 
tion of Ontario manufacturers. 


Microwave, Radio-Frequency and 
Infrared Technologies 
ee 
Industrial applications of technolo- 
gies for production and use of energy in 
various parts of the electromagnetic 
spectrum are increasing each year. 
These include the microwave, radio- 
frequency, infrared, ultraviolet, laser 
and electron-beam technologies. Each — 
of these has characteristics suitable for 
specific classes of application and all 
lead to general improvement in rate and 
quality of output and efficiency in use 
of energy and space, = 


The Research Divisi 
lished versatile test faciliti 
first-hand informatiot 
mance of microwave, 
and infrared de 
users. These facilit 
demonstrate 


_ Operating costs and | 


tion and manufacturing techniques on 
product quality and cost. 


As part of the corporate marketing 
effort, the Division assists Ontario 
manufacturers in selecting and optimiz- 
ing appropriate electrical technologies 
to meet specific requirements. Requests 
for assistance of this kind have covered 
a wide range of processes that include 
the drying and sintering of ceramics, 
deactivation of enzymes in foods, and 
curing of polymers. 


Heat-Pump Drying 


Tests and laboratory analyses con- 
ducted in cooperation with Ontario 
industries have shown that heat-pump 
dehumidification has significant advan- 
tages as a process for drying wood, 
thread, fruit and cardboard tubes. This 
process first cools and then reheats air 
that has passed through a drying cham- 
ber. The cooling condenses water 
vapour and the heating returns to the 
air energy that was extracted during 
cooling and condensation. This pro- 
vides hot, dry air for recirculation to 
continue the process. Drying times are 
comparable to those for conventional 
drying systems, but energy consump- 
tion is substantially lower. 


Ontario Hydro has established a__ 
unique test facility that generates infor- 
mation for customers on the use of _ 
industrial heat pumps in drying appli- 
cations. Knowledge of the drying char- 
acteristics of a specific product 
obtained from this facility permits a _ 
Prospective user to select a heat pump 


with the best compromise in cap 


Shown here is a microwave system which is used for continuous drying of ceramic fixtures. 
The Research Division has been working to transfer new electrotechnologies to various 
manufacturers in Ontario. 


water or to produce low-pressure 
steam. A test loop, designed to simulate 
typical industrial processes, is being 
built for use in evaluating a 100-kW 
conventional water-to-water heat 
pump and a 40-kW advanced steam- 
raising heat pump in 1987. 


Advanced Ceramics 


Research Division activities in the 
area of advanced ceramics increased in 
1986. Microwave bonding of ceramic 
components in the sodium-sulphur bat- 
tery was undertaken as part of an effort 
to assist an Ontario electric-vehicle pro- 
gram and microwave technology was 
used in investigations of slip drying 
prior to sintering. The same technology 
can also be used in drying of conven- 
tional ceramics prior to firing. 


Ontario Hydro supported research 
programs at two Ontario universities. 
These included, at Queen’s, develop- 
ment of one plasma process for produc- 
tion of fused silica and another for 
production of silicon carbide, silicon 
nitride and composites of these materi- 
als. At McMaster, development of a 
low-temperature-steam electrolysis cell 
based on conducting ceramic compo- 
nents was undertaken. 


A major study, carried out by the 


Dp 


Research Division for CEA, examined 
the impact of advanced ceramics on 
electric utilities from the point of view 
of industrial load associated with the 
processing of these materials. The 
study was eventually extended to cover 
the impact of traditional ceramics. 


Ontario Hydro was instrumental in 
the formation of the Canadian Univer- 
sity - Industry Council on Advanced 
Ceramics in 1986. 


Electrochemical Synthesis of Ethylene : 


Glycol 


In 1985 Ontario Hydro completed a 


study, partly funded by CEA, of the 
possible and likely impacts of new elec- 
trochemical technologies on demands 
for electricity. One recommendation 
was for construction of an electrochem- 
ical pilot plant where new processes 
could be developed and demonstrated 
at pilot level to establish their economic 
feasibility and environmental accept- 
ability. Planning, design and initial con- 
struction are now underway. 


Initially, the facility will be used for 
demonstration of the electrochemical 
process for synthesis of ethylene glycol. 
The process uses electrical energy to 
convert formaldehyde from any car- 
bonaceous resource to ethylene glycol. 


In Phase I of the project, now in pro- 
gress, a pilot plant is being designed to 
produce about 20 kg of ethylene glycol 
per day. In Phase II, to begin in 1987, 
equipment will be purchased and the 
pilot plant will be constructed and 
started up. In the third and final phase, 
the pilot plant will be operated for two 
years to optimize the design and operat- 
ing parameters and to collect represen- 
tative economic data. 


It is expected that after completion of 
the ethylene-glycol project, the facility 
will be made available to Canadian 
industry for pilot-scale studies of new 
or improved electrochemical processes. 


Despite over a century of effort, oxy- 
gen evolution and reduction reactions 
remain among the most challenging 
problems in electrocatalysis. In indus- 
trial processes, typical oxygen evolu- 
tion and reduction overpotentials range 
from 0.3 to 0.8 V. A research program 
aimed at the development of commer- 
cially viable reversible oxygen elec- 
trodes has been started. 


In this complex program, oxygen 
cathodes using metal-macromolecule 
complexes as catalysts are being devel- 
oped, based on the biological principle 
of oxygen adsorption on hemoglobin. 
Initial effort is aimed at developing 
oxygen cathodes for application in the 
chloralkali industry, the goal being to 
replace the hydrogen evolution reaction 
by oxygen reduction. The development 
of a suitable cathode will result in sub- 
stantial energy savings in this industry. 
The same electrodes may find applica- 
tion in aqueous fuel cells and sodium 
chlorate manufacture. 


In order to develop a basic under- 
standing of the electrocatalytic 
behaviour of the metal-macromolecule 
complexes, thin films of metals, alloys 
and metal oxides on various substrates 
are being fabricated up to several thou- 
sand angstroms in thickness using 
radio-frequency sputtering deposition 
techniques. Electrochemical characteri- 
zation of these films is being carried out 
using standard electrochemical tech- 
niques to study the role of these materi- 
als on the electrochemical behaviour of 
heat-treated metal-organic complexes. — 


RESIDENTIAL 


In recent years, much Research Divi- 
sion effort has been directed at electri- 
cal safety, energy management, thermal 
upgrading, ventilation control, heat- 
pump design and recovery of waste 
heat. 


Heat Pumps for a Cold Climate 


Field testing of the prototype air- 
source residential heat pump developed 
for use in cold climates has pointed the 
way toward development and use of a 
new kind of refrigerant-control system 
based entirely on electronics. Sensors 
connected to the heat pump send sig- 
nals to a microprocessor that computes 
the proper opening for the expansion 
valve. Refinement of the controls, 
including use of a new “stepper-motor” 
expansion valve, will further improve 

_heat-pump performance in Canadian 
conditions. 


Windows 


Experiments undertaken by the 
Research Division have shown that 
replacement of ordinary double-pane 
_ windows with low-emissivity (heat- 
teflective) models reduces heat loss by 
30 per cent and also improves the abil- 
“ity of the window to tolerate high 
indoor humidity without condensation 
on the inside window surface. Under 
extreme weather conditions, the 
‘improved model will allow indoor rela- 
tive humidities 8 per cent higher than 
those tolerated by an ordinary double- 
pane window. 


Service Entrances 

_ Design of a special meter-jaw spring 
ip has been completed and the device 

as been tested for use in service 

entrances on the Ontario Hydro sys- 

m. Introduction of these clips is part 

a province-wide program to ensure 

oper electrical contact in 100A meter 

ases. This is especially important for 

yd performance in heavy load appli- 

tions such as electric heating. The 

ip is a retrofit device that can be 

alled on an existing meter socket in 


Infrared-Linked Thenniostat 


When baseboard heaters are added 
to a house after construction is com- 
plete, it is often difficult to route wires 
from the heater to the best place for the 
thermostat. However, a battery-oper- 
ated thermostat is under development 
which will use an infrared link for the 
control function, eliminating the need 
for wires between thermostat and 
heater. Encoded bursts of infrared radi- 
ation are transmitted by the thermostat 
and decoded by a receiver which con- 
trols the heater. 


Current Sensor for Water-Heater 


A small current sensor has been 
developed for use with commercial 
power-line-carrier transmitters in a 
load survey being made by Ontario 
Hydro’s Marketing Branch. Sensors 
and transmitters will be installed to 
monitor the power used by water 
heaters in about 60 suites of a large 
apartment building. The data will be 
transmitted over the power-supply 
wires to a central computer for 
analysis. 


Strategic Conservation and Load 
Management 


In recent years research activities 
have been directed toward the testing 
and evaluation of several new heat- 
pump-based technologies that can 
provide demand-side solutions to the 
problems of meeting future energy 
needs during periods of supply-side 
constraint. 


Laboratory and field evaluations 
have been conducted on a “bivalent” 
heat pump that can use natural gas or 
propane to lessen electrical demand 
during periods of peak load. The 
results show this to be a promising 
Canadian technology. 


The capabilities of lake-source com- 
mercial-size heat pumps have been 
investigated for heating and cooling of 
office buildings at waterfront loca- 
tions. Although only one installation of 
this kind is now in operation in 


Ontario, proper assessment and design 


of these systems could make them as 
popular here as they are in Sweden. 


Investigations and evaluations in pre- 
vious years have indicated a strong 
strategic-conservation potential and an 
advantageous demand pattern for 
ground-source heat pumps in residen- 
tial and commercial applications. A 
100-home field installation and demon- 
stration has therefore been planned for 
Richmond Hill, a largely residential 
community north of Toronto. Moni- 
toring of these and other novel heat- 
pump installations will continue for 
several more years. 


The reliability of all types of heat 
pumps is being evaluated in a program 
of computer-controlled testing in the 
Division’s environmental chambers and 
in a continuing program of national 
surveys conducted by CEA. The CEA 
program is indicating a high level of 
customer satisfaction with heat pumps 
now installed. Work to address specific 
Ontario requirements for performance 
and reliability is important to ensure 
that heat-pumps achieve their indicated 
potential as a major contributor to load 
management and strategic energy 
conservation. 


Activities have been directed also 
toward the testing and evaluation of a 
new generation of heat-pump-based 
devices that provide mechanical venti- 
lation and humidity control to improve 
indoor air quality, The devices recover 
a large part of the thermal energy in 
building exhaust air for use in space 
and water heating. Waste-water heat- 
recovery systems were also assessed. 
These systems are designed to transfer 
heat from warm waste-water dis- 
charges in residential and commercial 
buildings to the freshwater supply to 
hot-water storage tanks. 


The attractiveness of these relatively 
new technologies stems from their high 
efficiencies and load-management 
potential. Both new and retrofit appli- 
cations may significantly lower power 
demand, energy consumption and heat- 
ing costs. These integrated appliances 
also simplify the provision of high- 
quality residential and commercial 
heating, ventilation and air condition- 
ing services. 


ENVIRONMENTAL PROTECTION 


Le Research Division conducts 
an environmental research program 
designed to help Ontario Hydro mini- 
mize the impact of its operations on the 
biosphere and to assist the Corporation 
in following government guidelines and 
meeting regulations. Some of the stud- 
ies being performed involve develop- 
ment of processes and equipment for 
the control of emissions and effluents 
from generating stations and related 
installations. Other important areas of 
environmental research include the safe 
handling, storage, and disposal of reac- 
tor waste materials, decontamination 
of oils containing polychlorinated 
biphenyls, measurement of electric and 
magnetic field exposures and control of 
noise pollution resulting from expan- 
sion of stations and the transmission 
grid. 


POLLUTION-RELATED STUDIES 


Acid-Rain Studies 


Two acid-rain research projects ini- 
tiated previously were continued in 
1986. In one, dry deposition, the pro- 
cess whereby pollutants are removed 
from the atmosphere through contact 

with the earth’s surface, is being studied. 
Experimental techniques developed ear- 
lier were used in 1986 to measure dry 
deposition rates of SO) and NO; on 
three types of surfaces—acarrotfield,a _ 
snow-covered field and a forest canopy. 
While full analysis of the measurements 
is incomplete, it has been observed that — 
deposition rates of SO, and NO) on 
snow are very slow, and that NO; cai 
be deposited or emitted by crop 
canopies. | ee 
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Both projects address areas where our 
understanding of long-range transport 
of pollutants is less than adequate. By 
contributing to ongoing research effort 
in these areas, Ontario Hydro and CEA 
are helping to ensure that models used to 
establish source-receptor relationships 
and set emission control strategies are 
accurate. 


Acid-Gas Emission Control 


An acid-gas emission control pro- 
gram has been developed. The overall 
objective of the program is to provide 
technological options which allow con- 
tinued generation of electricity in a cost- 
effective, reliable and safe manner, and 
to meet provincial acid-gas emission 
regulations. 


One of the promising technologies to 
fulfill longer-term needs is sorbent injec- 
tion directly into the furnace to control 
SO, emissions. This process offers mod- 
erate SO) removal efficiency, low capi- 
tal cost, and operational flexibility to 
meet the varying demands of the acid- 
gas emission control program. Major 
bench- and pilot-scale studies on sor- 
bent injection were started. The pro- 
gram is aimed at improving the 
performance and reducing the cost of 
sorbent injection technology for con- 
trolling SO) emissions from Ontario 
Hydro’s coal-fired units. The process is 
being tested at full-scale in Lakeview 
TGS Unit 4. 


A bench-scale, quartz flow-through 
reactor has been used to study limestone 
calcination and sulphation. The effect 
of limestone composition, gas tempera- 
ture and gas composition on the extent 
of these reactions has been examined. 
Results suggest that the composition of 
the sorbent significantly affects its 
porosity, SO, capture efficiency, and the 
ability of the material to withstand deac- 
tivation at high temperatures. 


The pilot-scale studies are being con- 
ducted at Ontario Hydro’s 640-MJ/h 
combustion research facility. In 1986 
more reactive sorbents and sorbent 
additive mixtures were evaluated and 
process variables optimized. Also being 
studied to further enhance process per- 
formance are moisture injection 
upstream of the electrostatic precipita- 
tor (ESP), slurry injection into the fur- 
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concentrations of sulphur and nitrogen oxides and other pollutants in the air. 


nace, waste activation and recycling. 
Pilot-scale data compare well with full- 
scale test results. Thus the information 
generated on the pilot-scale proved to be 
applicable in the design, implementa- 
tion and optimization of full-scale test 
programs. The process produces a 
waste that is finer than ash from coal 
and about twice the amount. The waste 
contains ash, calcium sulphate, and up 
to 40 per cent quick lime. Currently, 
efforts are being directed toward fixa- 
tion and stabilization of the waste mate- 
rial by blending with appropriate 
amounts of water to render it suitable 
for landfill disposal. 


Studies are also in progress to 
improve the performance of ESPs so 
that they can handle, without major 
upgrades, the increased dustloadings 
and changes in dust properties that 
result from sorbent injection and spray 
dryers. 


As part of the short-term objective to 
ensure that Ontario Hydro is an 
informed buyer of commercially avail- 
able acid-gas control technology, a 
study has been initiated to select a flue- 
gas desulphurization (FGD) process for 
Lambton TGS and to prepare a general 


tion systems in place at these facilities. © 


environmental assessment program on 
four different FGD technologies for pos- 
sible use at Lambton, Nanticoke and 
Lakeview TGSs. 

In addition, design and operating 
problems, associated with the alterna- 
tive “closed-loop” operation for the wet 
FGD processes are being reviewed with _ 
emphasis on resolving the difficulties of 
maintaining water balance. Where 
appropriate, technologies for wastewa- 
ter treatment will be examined. Data on 
relevant physical, chemical and leaching 
characteristics of the solid wastes that 
may be generated from these processes, 
and of the wastes from the dry limestone 
injection process are being assembled. 
This information is for the Lambton 
process selection studies as well as for 
the general program environmental 
assessments for Lambton, Nanticoke 
and Lakeview ['GSs. 


Environmental Studies at 
Generating Stations 


Ontario Hydro conducts ongoing 
studies to determine environmental 
effects of construction and operation of 
generating stations and to evaluate the 
performance of environmental protec- _ 


These studies include investigations 
of physical, chemical and biological 
aspects of the aquatic environment, 
studies of wildlife and vegetation, and 
monitoring of groundwater at ash dis- 
posal sites. Studies are currently under- 
way at Atikokan, Nanticoke and 
Thunder Bay TGSs, at Bruce, Darling- 
ton and Pickering NGSs, and at sites on 
the Mattagami and Mississagi Rivers. 


The environmental assessments based 
on these studies ensure that Ontario 
Hydro’s operations are not adversely 
influencing the environment and that 
regulatory requirements are being met. 


SAFETY IN THE WORKPLACE 


Welding Fumes 


Welding is a labour-intensive opera- 
tion that is performed daily by hundreds 
of workers at various Ontario Hydro 
workplaces. The physical hazards of 
welding — heat, radiation and shock — 

_are quite well understood, but there is 
relatively little practical information 
about the potential health hazards of 
_ welding-generated fumes and gases. 


Ontario Hydro has undertaken a 

CEA-supported project to provide a 
_ clearer understanding of welding fume- 
_ generation characteristics and potential 
ealth effects, and to identify preferred 
fume-control techniques for field weld- 
ing operations. A document based on 
information generated by the project 
as been distributed to all field welding 
personnel at Ontario Hydro. This work 
is particularly relevant at this time as it 
will aid Ontario Hydro in dealing with 
the Designated Substance regulations 
recently issued in Ontario, that govern 
occupational exposure to welding fumes 
j pad gases. 


Electric and Magnetic -F ields 


Standards for human exposure to 

lectric and magnetic fields such as those 

yduced by transmission lines and 

ome or office appliances are currently 

| under national and international 

review. The Research Division, in coop- 
ation with the Health and Safety Divi- 

ion, has developed methodologies and 

i amenianon needed to measure 

c rkplace electric- and magnetic-field 


exposures among Ontario Hydro 
employees, and to identify potentially 
unacceptable occupational exposures. 


A pocket-sized magnetic field expo- 
sure monitor has been developed to 
determine the magnetic field exposure 
of switchyard workers and linemen. A 
microprocessor uses the signal from an 
internal pick-up coil to calculate one- 
minute averages of the magnetic field 
strength. Up to a week’s data processed 
in this way can be stored in the device’s 
internal solid-state memory and trans- 
ferred from there to a personal com- 
poe for ae 


Note Control 


Control of noise is needed in many 
parts of Ontario Hydro’s power system 
and work facilities to protect staff at 
work and people in surrounding areas. 


A field survey facility has been devel- 
oped for assessing noise at generating 
stations. The facility monitors noise at 
two or more strategic locations in a sta- 
tion and collects weather data at the 
same time. This provides a reliable 
means of assessing noises from station 
activities and those from other sources. 
A survey using this facility was done at 
the Darlington construction site during 
the summer. 


Corona discharge from transmission 
lines produces an audible noise during 
moist weather. Up to now this has not 
been a matter of environmental con- 
cern, but the present expansion of the 
500-kV system has prompted a review 
of current corona noise information. 
Reliable measurement of corona noise 
has been difficult in the past because of 
the random occurrence of corona, the 
influence of weather on instrumenta- 
tion, and the effects of extraneous 
noises. However, a system has been 
developed and placed in use at the 500- 
kV test site in Kleinburg, which auto- 
matically monitors corona noise and 
separates it from extraneous environ- 
mental noises. The system also collects 
weather data during these occurrences. 


Transformer stations and their com- 
ponents require some form of noise con- 
trol when they are close to residential 
areas. A special procedure was devel- 
oped to isolate sources around existing 


transformer stations, and thus produce 
more accurate data for use in developing 
noise control measures. Progress was 
made in the development of economical 
means for lessening the impact of noise 
from transformer stations on nearby 
residential neighbourhoods. 


Electromagnetic Interference 


In recent years, much work has been 
done to evaluate the impact on the out- 
side world of electromagnetic interfer- 
ence from the power system. Research 
efforts have been aimed at optimizing 
the electromagnetic compatibility of the 
power system with radio navigation, 
communication, and radio and televi- 
sion broadcast services at minimum 
cost. 


In one project, co-funded by CEA, 
studies were completed using a spe- 
cially-built distribution test line. They 
provided the basis for making recom- 
mendations for modification of line 
design and maintenance practices in 
order to lessen television interference 
from distribution lines. 


Another project was initiated which 
uses airborne instrumentation to gather 
data necessary to establish technical 
guidelines for maintaining the electro- 
magnetic compatibility between power- 
line-carrier facilities and radio 
navigation and communication 
systems. 


WASTE MANAGEMENT 
Resor Waste Management 
Research Program | 


The Research Division and the 
Design and Development Division — 
Generation have prepared a comprehen- 
sive five-year program for research in 
reactor waste management. The pro- 
gram provides a focussed strategy for 
research in seven main areas: waste 
characterization, waste conditioning, 
advanced waste treatment, process and 


‘equipment development, waste-form 


performance assessment, waste-form 
quality assurance, and engineered 
barriers. 


Activities in the area of reactor waste 
management include storage and dis- 
posal. Specific projects include develop- 
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ment and optimization of a grout/ 
concrete backfill, augered borehole field 
tests at the BNPD site, surface-area and 
pore-structure characterization of 
cementitious porous materials, and 
radionuclide diffusion studies in both 
saturated and unsaturated geomedia. 
Close contact is being maintained with 
US and European research institutions 
in the area of reactor waste 
geochemistry. 


A fluidized grout / concrete backfill 
which can be pumped into normally 
inaccessible voids between waste pack- 


ages in a reactor waste disposal facility is 


being developed. Two grout mixes 
exhibiting low viscosity, minimal phase 
separation and shrinkage, uniform den- 
sity after hardening, and adequate 
durability and strength were identified 
as suitable. The ability of the grout mix 
to irreversibly adsorb gaseous CQO) is an 
added benefit in that it will attenuate 
radiocarbon migration. Further work to 
evaluate water ingress, radionuclide 
attenuation and carbonation properties 
of the existing grout is in progress. 


The field performance of various 
backfill materials placed around simu- 
lated waste packages in augered bore- 
holes in glacial till is being tested at the 
BNPD site. 


IAEA-Coordinated Research Program 


Ontario Hydro 1s participating 
together with several research institutes, 
in an IAEA-coordinated research pro- 
gram on the evaluation of conditioned 
waste forms and packages. A presenta- 
tion of Ontario Hydro’s research on the 
performance of wastes solidified with 
water-extendible polymer and on triti- 
ated waste conditioning was made at the 
IAEA review meeting in May. The 
research agreement has been renewed 
and in 1987 studies will concentrate on 
development of non-destructive exami- 
nation procedures to determine waste 
form quality and establishment of qual- 
ity assurance criteria. 


Reactor Waste Characterization 
To assist the Nuclear Materials Man- 
agement Department in development of 


their long-range strategy for reactor- 
waste management, a research program 


28 


as 


Drop tests, from a height of nine meters to an unyielding surface, were performed at AECL’s 


= 


Chalk River Nuclear Laboratories to demonstrate the integrity of a cask for transportation of 
radioactive materials. The cask was developed by Ontario Hydro’s Design and Development 


Division. 


to characterize the various waste 
streams with respect to physical compo- 
sition, activity levels, radionuclide 
inventories and treatment and packag- 
ing needs for extended storage or dis- 
posal was started in 1982. Work on 
incinerator ash and compactable waste 
has been completed. 


Projects undertaken in 1986 and now 
ongoing include the characterization of 
incinerable waste from the retubing of 
Pickering NGS Units 1 and 2, and of 
non-processable waste (waste consisting 
of items such as metallic parts not suit- 
able for incineration or compaction). 
The physical and chemical composition, 
activity levels and radionuclide invento- 
ries of waste from normal operation and 
retubing at Pickering NGS have been 
defined, 


Robotic Inspection of Closure Welds 

It is planned that nuclear waste will be 
contained and isolated underground in 
metal containers. These containers will 
be welded shut, and a remote method of 
inspecting the closure welds for any 
defects is required. Tests are being car- 
ried out using a PUMA robot to demon- 
strate that a prototype titanium 
diffusion bond can be remotely 
inspected to a satisfactory level using an 
ultrasonic probe and waterjet. It is 
hoped that this demonstration will sat- 
isfy the regulatory authorities that a real 
closure weld can be remotely inspected. 


PCB Treatment Facility 


Ontario Hydro’s Mobile Processing 
Unit (MPU) is an enclosed, trailer- 


juvenile American shad to low-frequency, high-amplitude sound. 


mounted, oil treatment facility designed 
to dechlorinate small concentrations of 
polychlorinated biphenyls (PCBs) found 
in contaminated electrical insulating oil. 
The MPU is capable of treating approxi- 
mately 6000 litres of oil per eight-hour 
day. 


The MPU made the transition from 
research system to commissioned treat- 
ment facility early in 1986, following a 
year of research testing and refinements. 
The design, construction, commission- 
ing, and field operation of the MPU 
have taken about four years and have 
involved personnel from the Research 
Division and five other Ontario Hydro 
divisions. In February, a demonstration 
test of the MPU was carried out for the 
Ontario Ministry of the Environment. 
The test showed that the MPU could 
decontaminate oils initially contami- 
nated up to 6900 mg/kg PCBs, and 
reduce the PCB content of the oil to 
<2 mg/kg, without producing haz- 

_ardous emissions or byproducts. 


The MPU will not be allowed to oper- 
ate in Ontario until it receives approval 


under the Environmental Assessment 
Act, but it did see commercial service in 
1986 in Nova Scotia and Quebec. 


AQUATIC STUDIES 
Thermal Aquaculture 


The Research Division is investigat- 
ing the feasibility of raising the 
Malaysian prawn, a giant freshwater 
shrimp, using waste warm water from 
generating facilities in Ontario. These 
animals are currently raised commer- 
cially in several tropical areas of the 
world. However, they are not yet 
“domesticated”, and hence critical 
knowledge needs to be gathered before 
mounting a production venture in 
Ontario. 


Research is continuing to determine 
the influence of the conditions under 
which the prawns are grown on the size 
structure of the population. These 
results will be of assistance in the design 
of a viable commercial scheme. 


This sonic device known as “the hammer” was installed at the Riviére-des-Prairies fish bypass near Montreal to study the movement response of 


Fish Control Program 


A multi-disciplinary research pro- 
gram continued on the development of 
two acoustic devices for fish control, the 
“fishdrone” and the “hammer”. Studies 
on the responses of several Great Lakes 
fish species to various frequencies and 
amplitudes of sound were conducted in 
the Research Division’s unique labora- 
tory facilities. The hammer sound deter- 
rent was evaluated as a means to 
exclude fish at Pickering NGS and at 
British Columbia Hydro’s Seton hydro- 
electric facility. The hammer effectively 
excluded the target species at both these 
locations, indicating the potential for 
using this device for fish diversion. Pre- 
liminary work to determine the feasibil- 
ity of using both sound deterrents to 


exclude gizzard shad was done at 
Lambton TGS. 


Studies of the effectiveness of selected 
behavioural systems were conducted for 
EPRI. The systems include light and 
sound devices for excluding alewife at 
Pickering NGS. Sound was found to 
show the greater promise. 


YEAR IN REVIEW 


JANUARY 


Analytical Chemistry Robot 


A new pair of hands is in training in 
the Analytical Services Laboratory— 
actually it is a single hand at the end of a 
manipulator arm—to carry out the 
repetitive steps in the preparation of 
samples for the analysis of PCBs in insu- 
lating oils. The robot is an integrated set 
of laboratory work stations, with a 
computer controlled manipulator mov- 
ing samples through a programmed 


work sequence. The robot is expected to 
reduce the amount of repetitive labour 
for technicians. 


FEBRUARY 
Awards Presentation 


Eight individuals were recognized for 
their exceptional contributions and ser- 
vice. The W.P. Dobson Award for out- 
standing technical innovation was 
presented to Mat Cenanovic. The H.A. 
Smith Award for outstanding contribu- 
tions that have had a major impact on 


H. A. SMITH 
AWARD 


THE 
W. P. DOBSON 
AWARD 


iWseiea ave 


cal research. 


the business of the Research Division 
was presented to Gary Floyd and Keith 
Buck. Director’s Awards for exceptional 
contributions which benefited Research 
Departments were presented to Mike 
Booth, Jerry Craig, Paul Daeschel, Al 
Headon and Neville Pereira. 


MARCH 
Transient Stability Excitation Control 


A Transient Stability Excitation Con- 
trol device which reduces power system 
instability following a major distur- 
bance was developed and installed on all 
Bruce NGS and Nanticoke TGS gener- 
ating units. The extra margin of safety 
provided by this device permits 
increased loading on the transmission 
system, with anticipated benefits of sev- 
eral million dollars a year. Development 
of this control strategy involved a col- 
laborative effort between the Research 
and System Planning Divisions. 


APRIL 
Technical Ladder 


Over the past several years, the 
Research Division has explored the con- 
cept of a “technical ladder” for division 
staff. The technical ladder affords an 
opportunity for the Corporationtorec- _ 
ognize the level of scientific and engi- 
neering expertise of staff members 
without encumbering them with unwel- 
come administrative responsibilities. 
After careful study and the establish- 
ment of selection criteria for the techni- 
cal side of the ladder, the Division 
received approval for implementation. 
The appointments made in 1986 will 
allow staff members to devote a more 
ererope Wes of ae time to the 


especially from Environment Canada 
and Ontario Ministry of the Environ- 
ment representatives. 


Tritium Immobilization System (TIS) 


Major components of the TIS were 
delivered on schedule to the Darlington 
Tritium Removal Facility (TRF). The 
equipment was designed and built at 
Darlington Engineering by key staff 
from the Corrosion and Tritium Tech- 
nology Section, with assistance from 
other divisions and from external sup- 
pliers and fabricators. The TIS equip- 
ment receives elemental tritium from the 
final stage of the cryogenic distillation 
process of the TRF. The tritium is then 
analyzed, assayed and reacted with U 
and/or Tito forma metal tritide in get- 
ter storage beds which can be recycled or 
placed in long-term storage. The 
Research Division will provide further 
assistance during installation and com- 
missioning of the TIS. 


JUNE 
Open House 


On June 18 and 19, the Research 
Division hosted an open house for 
employees’ families and friends. About 
_800 people toured the Division on these 
_two evenings and viewed displays in the 
Chemical, Civil, Electrical, Mechanical 
_and Metallurgical Departments. 


SLAR 


The preproduction tooling for the 
pacer Location And Repositioning 
roject was given a full-scale field test at 
ckering NGS. This equipment 
ncludes an electromagnetic drive which 
as developed by Electrical Research 
d provides the means by which garter 
rings are moved by the tooling. Tests 
re carried out successfully with garter 
ing displacements exceeding easily 
target displacement of 50 cm. 


' wi me Data Sheets 


280, Ma esc Roe 
t udying the potential health — 


chniques t to maintain 
c xposures below acceptable lev- 


f welding-generated fumes and — 


els. The information was published as a 
booklet entitled “Fume Data Sheets for 
Welding and Allied Processes”, by 
Hydro’s Technical Advisory Group on 
Health and Safety in Welding. The 
booklet summarizes potential health 
hazards and appropriate precautionary 
measures for the full spectrum of weld- 
ing-related processes and applications 
commonly used in plant maintenance 
and construction. 


AUGUST 
Plasma Material Processing 


The plasma torch at the Lakeview 
Plasma Facility was assembled and elec - 
trically tested to 230 kW using com- 
pressed air as the plasma gas. Initially, 
the torch will be used to develop tech- 
nology for producing chemical feed- 
stocks via pyrolysis of coal. The 
availability of this higher power device 
will complement the low power torch at 
the Thermal Plasma Laboratory which 
was used in feasibility studies for eight 
industrial clients. The most recent 
experiments include the spheroidization 
of specialty metal oxide powder for one 
Canadian company, and reclamation of 
foundry sand for another. 


SEPTEMBER 
M-Field Dosimeter 


A pocket-sized M-Field Dosimeter 
was developed in conjunction with 
Health and Safety Division to measure 
and record magnetic fields to which per- 
sonnel are being subjected. The dosime- 
ter stores its data in an internal solid 
state memory that can subsequently be 
interrogated by a standard data 
terminal. 


OCTOBER 


- Computer Vision 


- Substantial improvements in produc- 
tivity and quality control can be 
expected at a relatively modest cost 
through application of computer vision 
in areas such as the construction and © 
maintenance in nuclear plants. Consid- 


_ erable promise has been shown by an 


initial experiment in robotic welding. A 
vision system provided a welding robot 


with sufficient sensory oe to ee the 


welding torch and make compensations 
for seam imperfections as it welds, thus 
leading to a reduction in weld defects 
and crack initiation sites. 


NOVEMBER 
Wood Pole Evaluation Facility 


A unique test facility was completed 
in November to test poles up to 21m 
long. This facility with a maximum load 
capacity of 1700 kN-m breaks poles by 
rotating the base rather than pulling on 
the tip as is usually done. Testing is con- 
ducted indoors and requires a minimum 
of space. Load application, data acqui- 
sition and analyses and documentation 
of the results are automated to minimize 
testing time and costs and to maximize 
accuracy. 


DECEMBER 


Microwave Workshop for the Food 
Industry 


Aone anda half day workshop on 
microwave applications in the food 
industry, was held at the Research Divi- 
sion on December 3 and 4. Credit for 
the workshop’s success goes to the 
cosponsors, Market Services and Devel- 
opment and Market Operations Divi- 
sions in cooperation with the Research 
Division and the International Micro- 
wave Power Institute. Researchers, 
manufacturers, and users of industrial 
microwave equipment shared their 
experiences with other potential users. 


IEEE Fellowships 


Congratulations are in order to two 
members of the Research Division, Dr. 
John Endrenyi (Operations Research) 
and Mr. Mo Kurtz (Electrical Research) 
on being elected Fellows of the IEEE. 
Endrenyi’s citation reads “For contribu- 
tions to the development of reliability 
assessment of electric power systems” 
and recognizes his pioneering role in 
power system reliability research. 
Kurtz’s election is in recognition of his 


- pioneering role in the development of 


partial discharge test techniques for 
rotating machines and his leadership of 
the partial discharge analyzer project. 


_This technology has attracted world- 


wide attention and may become an 
international standard. 
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RESOURCES AND COSTS 


At the end of 1986, the Division’s personnel resources Proportions of total salary costs for various categories of work 
consisted of a total regular staff of 657. The administration 
and organization of staff are shown on the opposite page. Consultation O Other Work oO 
The percentages of funds allocated to major work 
programs, the application of staff in various categories of Testing O Research & Development 


work (Divisional Services Department excepted), and the 
distribution of staff in broad occupational classes, are 
shown below. 60 


Technical Investigation 4 


The total of all costs, including those for space, material and 
equipment for work done by the Research Division in 1986 was SS 
approximately $56.6 M. 


50 
Costs were met or allocated as follows: 


Revenue from work done for - 

other organizations 5.5M 
40 

Transfers to other oo 

Ontario Hydro Branches 26.4M < 35- 


Transfers to the Cost of Power 24.7M 


Research Division Programs for 1986 — Proportions 
by actual gross cost 
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PUBLICATIONS 


GENERATION 


Ahluwalia, A.K., Chan, A.M.C., and Shoukri, M. 

“Rewetting Velociues During the Refilling of Hot Horizontal 
Tubes”, Proceedings of International Topical Meeting on Thermal 
Reactor Safety (Sponsored by ANS, ENS, CNS et al), February 
2-6, 1986, San Diego, California. 


Attia, M.H., and Ko, P. 

“On the Thermal Aspect of Fretting Wear — Temperature 
Measurement in the Subsurface Layer”, Wear, Vol3,No4, 
pp 363-376. 


Bacvarov, D.C.*: see Gupta, B.K. etal 


Baron, J.A., Leemans, D.V., and Dolbey, M.P. 

“An Eddy Carent Technique to Estimate Dimensions of Crevice 
Corrosion Pits”, ASTM Special Technical Publication, 908, 

pp 124-137. 


Barton, R.G.*: see Bellamy, G. etal 
Beaulieu, R.E.: see Kundur, P. etal 


Bellamy, G. 

“Repair Welding at Ontario Hydro — A Dissertation on Some 
Notable Successes Together with Current Thinking on Unresolved 
Problems”, CIM Bulletin , Vol 79, No 890, 1986, p 70. 


Bellamy, G. Clark, M.A. King, P.J., and Barton, R.G.* 
“The Corrosion of Heat Exchanger Tubing in Lake Waters”, 
Proceedings of Second International Symposium on 
Environmental Degradation of Materials in Nuclear Power 
Systems — Water Reactors, pp 247-253. 


Brown, J., and Montford, B. 
“Nickel-Based Alloys in the Power Industry”, CIM Bulletin, 
Vol 79, No $90, p 84. 


Chan, A.M.C.:; see Ahluwalia, A.K. et al 

Clark, M.A.: see Bellamy, G. etal 

Dableh, J.H. 

“Novel Electromagnetic Technique for Repositioning of Coolant 
Tube Spacers in CANDU Nuclear Reactors”, American Institute of 
Physics, Review of Scientific Instruments , Vol ae ee Jane 
1986, pp 1201-1206. 


Davies, P.H.*, and Stearns, P. 


“Fracture Toughness Testing of Zircaloy-2 Pressure Tube Material eu < 


with Radial Hydrides Using Direct-Current Potential Drop”, _ 


Fracture Mechanics (ASTM), Special Technical Publication 905, ce 


Vol 17, pp 379-400. 
Polke MLE: see Baron, J.A. etal 


Gonzalez, F., and Spekkens, P. 
“Concentration Processes Under fobs Sludge Pilesi in Nucle 
Steam Generators,” Proceedings of Canadian Nuclear Society -— _ 
American Nuclear Society Conference on pase and Mate als 
Performance, Toronto, Ontario, ee 1986. 


‘Kurtz, M.: see Gupta, B. K. . etal also Henriksen 


_ Enhancement”, Proceedings of ( 


Gonzalez, F., Raycheba, J.M.T., and Spekkens, P. 
“Examination of Corrosion Product Deposits from CANDU 
Steam Generators”, Proceedings of the Second International 
Symposium on Environmental Degradation of Materials in 
Nuclear Power Systems — Water Reactors, pp 539-547. 


Gupta, B.K., Kurtz, M., Stone, G.C., and Sharma, D.K.* 

“Destructive ee ona 5 42 MW Cencrator Winding”, Conference 
Record of 1986 IEEE International Symposium of Electrical 
Insulation. 


“Impulse Strength of High Voltage Motor Coil Turn Insulation”, 
IEEE Power Engineering Society 1986 Winter Meeting. 


Gupta, B.K., Sharma, D.K.*, and Bacvarov, D.C.* 

“Measured Propscson of Surges in the Winding of a Large AC 
Motor”, IEEE Transactions on Energy Conversion, Vol1,No1, 
pp 122- 1 22. 


Henriksen, M.*, Stone, G.C., and Kurtz, M. 

“Propagation of Partial Di hce and Noise Pulses in Turbine 
Generators”, IEEE Transactions on Energy Conversion, Vol 1, No 
3, pp 161- 166, 


Kim, Y.J.*: see Vanderglas, MLL. 


_ King, P.J.: see Bellamy, G. etal 
Ko, P.: see Attia, M.H. 


Kowalchuk, M. = 
“The Application of Acoustic-Emission Monitoring to Onsite = 
Inspection”, CIM Bulletin, Vol 79, No 890, p 91. 


Kundur, P., Beaulieu, R.E. , Munro, C., and ae k, pe 2 . 
“Steam Turbine Fast Valving: Benefits and Technical _ 
Considerations”, Proceedings of the CEA S 
Transmission and Stations Planning and Operation Subs 
Position Paper ST - 267, March 1986, also see Lee, D. o a 


Lee, D.C., and Kundue P. oe 
“Advanced Excitation Gonnoe for Power 
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Martilla, R.J. 

“Design Principles of a New Generator Stator Ground Relay for 
100% Coverage of the Stator Winding”, IEEE Transactions on 
Power Apparatus and Systems, Vol 1, No 4, pp. 41-51. Also: 
IEEE Transactions on Power Delivery, Vol 1, No 4, October 
1986, p.41. 

Montford, B.: see Brown, J. 

Munro, C.: see Kundur, P. et al 

Parker, J.D., and Sidey, D 

“Residual Life Assessments of Boiler Components”, Materials 
Forum, Vol9,No1 & 2,1986, pp 78-89. 

Raycheba, J.M.T.: see Gonzalez, F. et al 

Sharma, D.K.*: see Gupta, B.K. etal 

Shoukri, M.: see Ahluwalia, A.K. etal 
Sidey, D.: see Parker, J.D. 


_Spekkens, P.: see Gonzalez, F. et al 


tarbuck, P.“: see Kundur, P. etal 


tearns, P.: see Davis, P.H.* 


Stone, G.C, 
harge Detection Poe for Stator Windings’”, 
-roceedings of Institute of Electrical Engineers He oadon: 
Electric Power Applications, Vol 133, No 2, 1986, p 112; also 
ee Gupta, B.K. et al; and Henriksen, M. etal 


lerglas, M.L., and Kim, Y.J.* 

resses Due to Volumetric Expansion of Zirconium Hydride 
lusions”, International Journal of Pressure Vessels and Piping, 
E22 No 3, 1986, pp 177-196. 


Cracking in Fossil-Fuelled Boilers” : 
onal Pook re on sce Corrosion 


7 asiewicz, EC “etal 


Barrett, J.S. 

“High Temperature Operation of ACSR Conductors and Other 
Methods of Uprating Overhead Lines”, Proceedings of Seminar on 
the Effects of Elevated Temperature Operation on Overhead 
Conductors and Accessories, Atlanta, Georgia, May 20, 1986. 


“Probabilistic Optimization of Transmission Line Design”, 
Proceedings of International Symposium on Probabilistic Methods 
Applied to Electric Power Systems, June 11-13, 1986, Toronto, 
Ontario. 


Barrett, J.S., Nigol, O., Fehervari, C.J.*, and Findlay, R.D.* 
“A New Model of AC Resistance in ACSR Conductors”, IEEE 
Transactions on Power Delivery, Vol 1, No 2, pp 198-208. 


Boggs, S.A. 

“SF6-Insulated Switchgear: A Critical Technology Maturing”, 
Third Annual Seminar, Technical Career Program for Professional 
Engineers, February 1986. 


Boggs, S.A., Chu, F. Y., and Mashikian, M.S.* 

“Gas-Insulated Substation Reliability: Present Status and Future 
Trends”, EPRIEL-4422, (RP 2115-1), Final Report, February 
1986. 


Braun, J.-M.: see Chu, F.Y. etal 


Braun, J.-M., and Chu, F.Y. 

“Novel Low-Cost SF6 Arcing By-product Detectors for Field Use 
in Gas-Insulated Switchgear”, IEEE Transactions on Power 
Delivery, Vol 1, No 2, pp 81-86. 


Buzacott, J.A.*, and Anders, G.J. 

“Reliability Evaluation of Systems with After-Fault Switching”, 
IEEE Transactions of Summer Meeting of Power Engineering 
Society, July 21-25, 1986, Mexico City, Mexico. 


Cherney, E.A., and Hooton, R.D. 

“Cement Growth Failure Mechanism in Porcelain Suspension 
Insulators, IEEE Transactions on Power Delivery, Vol 2, No 1, 
1987, pp 249-255; also see Goru, R.S.* et al 


Chisholm, W.A. 

“Ampacity Field Studies on Line with Low Operating 
Temperature”, Proceedings of EPRI/ Georgia Power Seminar on 
Real Time Ampacity Ratings of Overhead Conductors, May 
1986. 


Chisholm, W.A., Janischewskyj, W.*, Guillo, P.-Y.*, and 
Andrews, D.* 
“Statistical Models for Lightning Intensity and Their Application 


to Prediction of Transmission Lightning Outage Rates”, 
Proceedings of International Symposium on Probabilistic Methods : 
_ Applied to Electric Power ae 11-13, 12386, coe 
Ontario. 


|, No 5, October 
and se : 
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Krishnasamy, S.: see es Me «etal 


Cress, S.L. Kurtz, M.: see Stone, G.C. 
“Statistical Analysis of Power Systems Using the Adjoint and 


Monte-Carlo Methods”, Proceedings of International Symposium Kuurstra, J.C. 

on Probabilistic Methods of Transmission Line Uprating, Vol 1, “Electronic Recording Ammeter for Distribution Lines”, 

No 1, June 1986. Transmission and Distribution , Vol 38, No 9, September 1986, pp 
68-70, 106. 

El-Kady, M.A.: see Anders, G.J. etal; also Germani, M.D. etal; 

and Tarasiewicz, E.* etal Lat, M.V. 
“A Simplified Method for Surge Protection of Underground 

Ferhervari, C.J.*: see Barrett, J.S. et al Distribution Systems with Metal Oxide Arresters”, Transactions 
on IEEE Conference on Transmission and Distribution, 

Filter, R., and Jones, A.S. September 14-16, 1986, Anaheim, California. 

“Factors Affecting Loadbreak Elbow Connector Switching Speed”, 

Proceedings of IEEE Power Engineering Society Transmission and Lawton, R.A.*: see Kuffel, J. et al 

Distribution Conference, Anaheim, California, September 1986, 

pp 583-589. Longo, V.J.*: see Grigoriu, M.* etal 

Findlay, R.D.*: see Barrett, J.S. etal Madge, R.C., and Jones, D.E. 
“E ffect of Power-Lines on AM Radio Broadcast 

Ford, G.L.: see Germani, M.D. etal Radiation-Patterns”, IEEE Transactions on Power Delivery, Vol 


1, No 2, pp 163-168. 
Ganton, R.W.D.: see Anders, G.J. et al; and Germani, M.D. etal 
_ Malewski, R.A.*: see Kuffel, J. et al 


Germani, M.D., Vainberg, M., Ford, G.L., El-Kady, M.A., and 

Ganton, R.W.D. Mashikian, M.S.*: see Boggs, S.A. et al 

“Probabilistic Short-Circuit Uprating of Station Strain Bus System 

— Overview, Application and Risk Assessment”, Proceedings of Mottlis, J.: see Anders, G.J. et al 

International Symposium on Probabilistic Methods Applied to 

Electric Power Systems, June 11-13, 1986, Toronto, Ontario. Nigol, O.: see Barrett, J.S. et al 

Gorur, R.S.*, Cherney, E.A., and Hackam, R.* Reichman, J.: see Kowalewski, J.J. 

“A Comparative Study of Polymer Insulating Materials Under 

Salt-Fog Conditions”, IEEE Transactions on Electrical Insulation, Seethapathy, R.: see Chu, F. Me etal 

Vol 21, No 2, pp 175-182. Also: IEEE Transactions on Power 

Apparatus and Systems, Paper 865M424-6, July 1986. Stone, G.C., and Kurtz, M. oe 
“iaterpretsion of Megohmmeter Tests on Electrical Apparatus 

Grigoriu, M.*, Krishnasamy, S., and Longo, V.J.* | and Circuits”, IEEE Electrical Insulation Magazine , Vol 2, No a 

“Estimation of Transmission: Line Design Wind Speeds from | January 1986, pp 14-17. a 

Limited Data”, IEEE Transactions on Power Delivery, Vol 1, | oo 

No 2, pp 216- 220. | Tarasiewicz, E.*, El-Kady, M.A., ad Anders, G y ae 
- “Generalized Evauaden of External Thermal Resistanc 


Guillo, P.-Y.*: see Chisholm, W.A. et al _ Ampacity Evaluation of Underground ee 
| IEEE Transactions on Power Delivery: : 
Hackam, R.*: see Gorur, R.S.* etal | Te 
-Vainberg, M.:seeGermani,M.D.etal 
Hooton, R.D.: see Cherney, E.A. [ ae Ve 


| Van Heeswijk, R.*: see Kuffel, J. Oe 
Horrocks, D.: see Anders, G.J. et al : : as 


Janischewskyj, W.*: see Chisholm, W.A. et al UTILIZATION — . 
Jones, A.S.: see Filter, R. uenc 
Jones, D.E.: see Madge, R.C. 


Kowalewski, J.J., and Reichman, J. 

“Audible Noise fon an Ontario Hydro 500 kV Teen ao 
Line”, Proceedings of Twelfth International Congress 01 on ee Bel 
Acoustics, Vol 1, July 1986, sae -66. . ee 


Kuffel, J-, Malewski, R.A.* , Van Heeswijk, Re , vand 
Lawton, R.A.* 

“Dynamic Performance of Digital Recorders Used for Monit 
High-Voltage Impulse Tests”, IEEE Transactionson —_ 
Instrumentation and Measurement, Vol 3 > No4, BP ee 595. 
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Kushla, G.P.*, and Alvarez-Cuenca, M. 

“Testing and Comparison of Quenching Systems for a Plasma 
Chemical Reactor”, American Institute of Chemical Engineering 
Proceedings. 


Mannik, L., and Brown, S.K. 
“Laser Doppler Velocimetry of Particles in a Plasma Torch”, 
Applied Optics , Vol 25, No 5, March 1, 1986, pp 649-652. 


Mills, B.E.: see Perlman, M. 


Perlman, M. 

“Residential Water Heating — Energy Conservation Alternatives”, 
Proceedings of Conference on Energy Efficiency in Buildings, 
August 1986. 


“Water Heaters: Energy Conservation Options”, Electrical 
Equipment News , August 1986, pp 15-17. 


Perlman, M., and Mills, B.E. 
“Residential Heat Recovery”, ASHRAE Journal, Vol 28, No 6, 
June 1986, pp 28-32. 


Raycheba, J.M.: see Thomas, G.F 
Sora, K.*: see Thomas, G.F. 


Thomas, G.F., and Raycheba, J.M. 

“Effects of Solution Resistance and Double Layer Capacity on the 
Faradaic Polarization of an Electrochemical Cell”, Journal of 
_Electroanalytical Chemistry. 


Thomas, G.F., and Sora, K 

“The Concentration- Time Profile in a Recirculating 
Electrochemical Reactor”, Electrochimica Acta , Vol 31, October 
1986. 


NVIRONMENTAL PROTECTION 


\rron, G.P. 
fect of Trunk Injection of Flurprimidol (E1-500) and 


yf Arboriculture , Vol 12, No 9, June 1986, pp 233-236. 


sridges, J.E.*, Vainberg, M., and Wills, M.C.: 

pact of Recent Development in Biological Electrical Shock 
afety Criteria”, Proceedings of Tenth Scientific Conference on 
ctropathology, September 1986. 

Jurnett, N.C. , Hooton, R.D., Heimann, R.B.*, and 

ofrei, M.* 

he Development of Durable Cementitious Materials for use in a 
lear Fuel Waste Disposal Facility”, Proceedings of Materials 
arch ee Symposia, 2 50, pp 461-468. 


: wH. : . 
1 of Carta Cou in Simulated Rock Fractures’ ; 
gs of the Second International Conference on | 
38 € a ae Winnipeg, Manitoba, 


aclobutrazol (PP333) on Sprout Growth in Silver Maple”, Journal 


Cheh, C.H. 
“Review and Studies of Gas Treatment and Ventilation Systems in 
Ontario Hydro’s Nuclear Generating Stations”, Commission of 


the European Communities, Luxembourg, EUR 10580, pp 
218-230. 


Cho, H.-R.*, Iribarne, J.V.*, Crawford, A.M.*, Kavassalis, T.S., 
Melo, O.T., Tam, Y.T., and Moroz, W.J.* 

“Effect of a Stratus Cloud on the Redistribution and 
Transformation of Pollutants”, Water, Air and Soil Pollution , Vol 
30, No 1-2, pp 195-203. 


Crawford, A.M.*:see Cho, H.-R.* etal 


Dalziel, B.P., Elbestawi, M.A., and Forest, J.W. 

“CANDU Irradiated Fuel Transportation: The Shock and 
Vibration Program”, International Studies on Certain Aspects of 
the Safe Transport of Radioactive Materials, 1980-1985, Report 
of the Coordinated Research Programme on Safe Transport of 
Radioactive Materials, pp 35-45. 


Dayal, R. 

“Waste-water Interactions and Their Relevance to Nuclear Waste 
Disposal”, Proceedings of Fifth International Symposium on 
Water-Rock Interaction, August 1986, pp 159-162. 


Dunstall, T.G.: see Spencer, F.S. 

Edwards, G.C., and Ogram, G.L. 

“Eddy-Correlation Measurements of Dry Deposition Fluxes Using 
a Tunable Diode-Laser Absorption Spectrometer Gas Monitor”, 
Water, Air and Soil Pollution , Vol 30, No 1-2, pp 187-194. 
Elbestawi, M.A.: see Dalziel, B.P. et al 

Forest, J. W.: see Dalziel, B.P. et al 

Heinmann, R.B.*: see Burnett, N.C. et al 

Hooton, R.D. 

“Permeability and Pore Structure of Cement Pastes Containing Fly 
Ash and Silica Fume”, ASTM Special Technical Publication 897, 
pp 128-143; also see Burnett, N.C. etal 

Hughes, R.W.: see Koopmans, R. 

Iribarne, J. V.*: see Cho, H.-R.* et al 

Kavassalis, I.S.: see Cho, H.-R. * etal 

Koopmans, R., and Hughes, R.W. 

“Determination of Near Field Excavation Disturbance in 
Crystalline Rock”, Proceedings of Ninth International Symposium 
on Scientific Basis for Nuclear Waste Management, pp 567-576. 
Lau, K.C.*: see Radhakrishna, H.S. etal 

McKinley, R.S.: see Patrick, P.H. 

‘etal 


Melo, O.T.: see Cho, H.-R.” 


Moroz, W.J. *:see Cho, H.-R.* etal 
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Mozes, M.S. 

“Pilot Scale Studies of Limestone Injection Process”, Proceedings of 
the Environmental Protection Agency /EPRI Joint Symposium on 
Dry SO2 and Simultaneous $O2/NOx Control Technologies, 
June 1986. 


Ogram, G.L.: see Edwards, G.C. 
Onofrei, M.*: see Burnett, N.C. etal 


Patrick, P.H. 
“Behavioural Systems to Guide or Divert Fish at Hydro- -Electric 
Facilities”, CEA Bulletin , September 1986. 


“Fish Exclusion and Guidance Schemes”, Proceedings of Fish 
Symposium, Norway, January 22-24, 1986. 


Patrick, P.H., and McKinley, R.S. 

“Exclusion of Adult Alewife (Alosa pseudoharengus) Using 
Low-Frequency Sound for Application at Water Intakes”, 
Canadian Journal of Fisheries and Aquatic Sciences , Vol 43, No 4, 
1986, pp 855-862. 


Radhakrishna, H.S., Lau, K.C.*, and Crawford, A.M.* 
“Near-Field Thermal Analysis of the Nuclear Waste Disposal 
Vault”, Proceedings of Material Research Society Symposium, 
Vol 50, No 9, pp 559-566; also see Chan, H.T. 


Rodgers, D.W. 
“Tritium Dynamics in Juvenile Rainbow Trout, Salmo Gairdner’, 
Health Physics , Vol 50, No 1, January 1986, pp 89-98. 


Spencer, F.S., and Dunstall, T.G. 

“Molecular Trias Conversion in Vegetation, Litter and Soil”, 
Journal on Radiation Protection Dosimetry, Vol16,No 1-2, 1986, 
pp 89-93. 


Tam, Y.T.: see Cho, H.-R.* et al 
Vainberg, M.: see Bridges, J.E.* et al 
Wills, M.C.*: see Bridges, J.E.* et al 


GENERAL 


Attia, M.H., and Kops, L.* 

“Distortion in Thermal Field Around Inserted Thermocouples in 
Experimental Interfacial Studies”, ASME Transactions, Journal of 
Engineering for Industry, Vol 108, No 4, June 1986, pp 241-246. 


Brown, S.K.: see Mannik, L. 


Cragg, C.B.H., and Walker, B.P.* 

“To Accept or Avoid Settlement When Developing Marginal 
Land”, Building on Marginal and Derelict Land Se Institution of 
Civil Engineers), Vol 1, May 1986, pp 47-55. 


Dableh, J.H.: see Tarasiewicz, E.* et al 


Endrenyi, J.: see Sim, $.H. 
Findlay, R.D.*: see Tarasiewicz,E.* etal _ 


Flaman, M.T., and Herring, J. A. 

“Ultra- High- Speed Center-Hole Sedaue for Pikicule ny: 
Machining Materials” » Expertmental i Me ae No, ae 
January 1986, PP 34- 35, 


Malewski, R.*: see Se al; also McComb, T.R.* etal 


Heimann, R.B.*, and Hooton, R.D. 


“Mineralogical Changes of Various Cement Formulations During 
Reaction with Groundwater in the Presence of Ca— and 
Na-Bentonite at 150C”, Canadian Mineralogist, Vol 24, June 
1986, pp 289-302. 


Herring, J.A.: see Flaman, M.T. 


Hooton, R.D. 

“Effect of Containers on ASTM C 441 Pyrex Mortar Bar 
Expansions”, Proceedings of Seventh International Conference on 
Alkali- Ageregate Reaction, August 18-22, 1986, Carleton 
University, Ottawa, Ontario. 


“Properties of a High-Alkali Lignite Fly Ash in Concrete”, 
Proceedings of Second International Conference on the Use of Fly 
Ash, Silica Fume, Slag and Natural Pozzolans in Concrete, Vol 1, 
Apel 1986, pp 333-345; see also Heimann, R.B.* 


Hughes, R.W.: see Koopmans, R. 


Koopmans, R., and Hughes, R. W. 

“The Effect of See on the Determination of Deformation 
Modulus”, Proceedings of Twenty- -Seventh U.S. Symposium on 
Rock Mechanics [ace 23-25, 1986, Tuscaloosa, Alabama. 


Kops, L.*: see Attia, M.H. 
Kuffel, J.: see McComb, T.R.* etal 


Kuffel, J., McComb, T.R.*, and Malewski, R.* 
“Comparative Evaluation of Computer Methods for Calculating 
the Best-Fit Sinusoid to the Digital Record of a High ee Sine- 
Wave”, IEEE Transactions on Instrumentation and _ 
Measurements. June 1986, pp 252-253. 


Mannik, L. and Brown, S.K. ca 
“Tunable Infrared Generation Sone Third Stokes Output froma 
Waveguide Raman Shifter”, Optics Communications , 5 
No 5S, April 1286 , pp 360- 364. 


McComb, T. R.* ,Kuffel shes andM 
“Measuring Characteristics of 
Digitizers”, IEEE Power, Appatatas and al 


Sim, S. H., and Endre vic 
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PRESENTATIONS 


GENERATION 
Bacvarov, D.C.*: see Gupta, B.K. etal 
Barber, D.H.: see Nott, B.R. etal 
Bernstein, B.S.*: see Gupta, B.K. etal 
Black, D.A.: see Tulk, J.D. etal 
Bozozuk, M.*: see Radhakrishna, HS. et al 
Braun, J.-M. 
“Leak Testing of Containment”, Third Annual CANDEV 
Symposium, January 1986. 
Byrne, T.P.: see Leger, M. 
Cervoni, A., and Clark, M.A. 
“Investigation of Turbine Disc Cracking by Field Metallography”, 
Annual Technical Meeting of International Metallographic 
Society, August 3-6, 1986, Boston, Massachusetts. 
Chan, A.H.C.: see Warr, B.D. etal 
Chartier, D.R.: see Nott, B.R. et al 
Chiarotto, F.: see Manolescu, A.V. et al 
Clark, M.A.: see Cervoni, A. 
Cragg, C.B.H.: see Debidin, F.; also Radhakrishna, HS. etal 
Debidin, F. and Cragg, C.B.H. 
“Selection and Quality Control of Deep Foundations at Ontario 
Hydro’s Darlington Nuclear Generating Station”, International 


Conference on Deep Foundations, September 1986, Beijing, 
China. 


Gupta, B.K., Sharma, D.K.*, and Bacvarov, D.C.* 
“Measured Winding Impedances of a Large AC Motor”, IEEE 
‘Winter Power Meeting, February 2-7, 1986, New York, New 
Ork 


supta, B.K., Stone, G.C., Sharma, D.K.*, and Bernstein, B.S.* 
ogress Report on EPRI Rotating Machine Projects on 
nsulation Life Estimation and Motor Turn Insulation 

pability”, Edison Electric Institute Electrical Systems and 
lseae Committee Meeting, February 1986, Baton Rouge, 


ole a pices Parameters in the Dilute Alkaline 
anganate of Chromium-Rich Oxide Surfaces Prior to 
amination”, Fourth International Conference on Water 
stry of Nuclear Reactor Systems, October 1986, 

mouth, England. 


see fulk ,J.D. etal 
5 and Shmayda, W.T. 


rs for Tritium Storage”, Canadian Nuclear 
ne : he Toronto. 


“Gas-Handling Systems Using Tritium-Sponge and Uranium Bulk 
Getters”, Second National Topical Meeting on Tritium 
Technology in Fission, Fusion and Isotopic Applications, April 
30-May 2, 1986. 


Krasznai, J.P. 

“Conditioning of Tritiated Waste from a Tritium Removal 
Facility”, International Topical Meeting on Waste Management & 
Decontamination and Decommissioning, September 14-18, 1986, 
Niagara Falls, New York. 


Lacy, C.S.: see Spekkens, P. et al 
Laursen, T.*: see Leger, M. etal 


Leger, M., and Byrne, T.P. 

“Hydride Blister Growth in Zr-2.5 wt% Nb Pressure Tube 
Material”, Twelfth Annual Symposium on Simulation of Reactor 
Dynamics and Plant Control, April 1986, Hamilton, Ontario. 


Leger, M., MacArthur, J.D.*, Laursen, T.*, Ma, X.P.”, 

Palmer, G.R.*, and Whitton, J.L.* 

“Deuterium Concentration Distribution in Blisters at Cooled 
Regions of CANDU Reactor Type Pressure Tubes”, International 
Meeting on Nuclear Analytical Methods, June 19-20, 1986, 
Orleans, France. 


Lukac, S.R.: see Warr, B.D. etal 
Ma, X.P.*: see Leger, M. etal 
MacArthur, J.D.*: see Leger, M. et al 


Mannik, L.: see Woodall, K.B. etal 


Manolescu, A.V., Mayer, P., and Chiarotto, F. 

“Failure of Low Pressure Feedwater Heater Tubing — A Case 
History”, National Association of Corrosion Engineers Corrosion 
86 Conference, March 1986, Houston, Texas. 


Mayer, P.: See Manolescu, A.V. et al 
Montford, B.: see Spekkens, P. et al 
Morrison, H.D.: see Woodall, K.B. et al 


Morrison, H.D., and O'Neill, J.A. 

“Optimal Cell Design for Laser Tritium Separation”, Conference 
on Lasers & Electro-Optics, June 9-13, 1986, San Francisco, 
California. 


Nott, B.R., Chartier, D.R., and Barber, D.H. 

“Ion Exchange Resin Performance in CANDU Moderator 
Systems”, Forty-Seventh Annual Meeting of the International 
Water Conference, October 27-29, 1986, Pittsburgh, 
Pennsylvania. 


O’Neill, oe see Morrison, H.D. 


Palmer, G.R.*: sec Leger, M. etal 


* with an organization other than Ontario Hydro 
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Parker, J.D. 

“Condition Monitoring of Steam Lines Using Strain 
Measurement”, EPRI Presentation, March 1986, Palo Alto, 
California. 


“Creep Life of Heat Exchangers”, Seminar at AECL Chalk River 
Nuclear Laboratories, July 15, 1986, Chalk River, Ontario. 


“Life Prediction of Cylindrical Components Operating Under 
High Temperature Creep Conditions”, EPRI Conference on Fossil 
Plant Life Extension and Assessment, June 1986, Washington, 
DE. 


“Ontario Hydro Experience with Dissimilar Metal Welds”, 
Residual Life Assessment Seminar, June 9, 1986. 


“Residual Life of Headers and Steam Pipes”, ibid. 


Radhakrishna, H.S., Cragg, C.B.H., Tsang, R.H., and 

Bozozuk, M.* 

“Uplift and Compression Behaviour of Drilled Piers in Lead Clay”, 
Thirty-Ninth Canadian Geotechnical Conference, August 1986, 
Ottawa, Ontario. 


Senkiw, G.A. 
“Reinforcement Splices for Concrete Containment Structures for 
CANDU Nuclear Power Plants”, Annual Convention of American 


Concrete Institute, March 16-21, 1986, San Francisco, California. 


Sharma, D.K.*: see Gupta, B.K. et al 


Shmayda, W.T. 

“Ontario Hydro Research Division Tritium Handling System”, 
Canadian Nuclear Association, June 1986, Toronto, Ontario; 
also see Kherani, N.P. 


Spekkens, P., Montford, B., and Lacy, C.S. 

“The Canadian Decontamination Program”, Symposium on 
Advanced Nuclear Services at Twenty-seventh Annual CNA 
International Conference and Eighth Annual CNS Conference, 
June 14-17, 1986, Toronto, Ontario. 


Stone, G.C. 

“RF Monitoring of Partial Discharge Activity in High Voltage 
Motors”, EPRI/CEA Seminar on Partial Discharge Testing and 
Radio-Frequency Monitoring of Generator Insulation, September 
22-25, 1986, Toronto, Ontario; also see Gupta, B.K. et al 


“Theory of the Partial Discharge Analyzer Test”, ibid. 
Tsang, R.H.: see Radhakrishna, H.S. etal 


Tulk, J.D., Janis, W.J., and Black, D.A. 

“Seismic Testing of Naturally and Artificially Aged Station Battery 
Cells”, International American Nuclear Society — ENS Topical 
Meeting on Operability of Nuclear Power Systems in Normal and 


Adverse Environments, Albuquerque, New Mexico, September 
29-October 3, 1986. 


Warr, B.D., Chan, A.H.C., and Lukac, S.R. 

“Modelling Corrosion and Deuterium Pickup in Operating 
Reactor Pressure Tubes”, Fuel Channel Technology Seminar, 
November 12-14, 1986, Oakville, Ontario. 


‘Erlangen, West Germany. 


Westwood, H.]. 
“Corrosion-Fatigue of Boiler Tubing”, Residual Life Assessment 
Seminar, June 9, 1986. 


“Residual Life Assessment of Steam Tubing”, ibid. 
Whitton, J.L.*: see Leger, M. etal 


Woodall, K.B. 

“Carbon-14 Laser Isotope Separation”, Gordon Research 
Conference on the Chemistry & Physics of Isotopes, February 
10-14, 1986, Oxnard, California. 

” ibid. 


“Tritium Laser Isotope Separation 
“14C Cryogenic Distillation”, ibid. 


Woodall, K.B., Mannik, L., and Morrison, H.D. 

“Application of Lasers to CANDU Nuclear Fuel Reprocessing”, 
American Nuclear Society International Meeting, Low-, 
Intermediate-, and High-Level Waste Management, September 
14-18, 1986, Niagara Falls, New York. 


DELIVERY SYSTEMS 


Anders, G.J. 

“Cable Ampacity Calculations Using Finite Element Methods”, 
CEA Engineering and Operating Division Spring a March 
22,1986, Toronto, Ontario. 


“Three-State Component Representation for Reliability 
Evaluation of Power Systems”, International Symposium on 
Probabilistic Methods Applied to Electric Power Systems, i 
1986, Toronto, Ontario. 


“User-Oriented Computer Program for Cable Ampacity 
Calculations”, IEEE ICC Spring Meeting, a 29,1936, 
Knoxville, Tennessee. 


Bechai, M., Law, K.T.*, Cragg, C.B.H.., 4nd Kontrad, [.-M.* 
“In-Situ Testing of Marine Clay for Towerline Foundations”, 
Thirty-ninth Canadian Geotechnical Conference, August 1986, 
Ottawa, Ontario. 


Boggs, S.A. 
“GIS Reliability”, IEEE Copenhagen Chapter EIS, Apel LS, 1986, 7 
Copenhagen, Denmark. 


Boggs, S.A., and Rizcoue, S. 

‘The Application of Interferometric Holoeraohy to the Study ae 
Water Treeing”, IEEE Electrical Insulation Conference, June | 
1986. 


Braun J. -M.: see ony EY, etal 
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Chisholm, W.A., Janischewskyj”, W., Smith, K.C. and 
Guillo, P.-Y.* 

“Comments on CIGRE 10-kHz Lightning Flash Counters”, 
CIGRE Meeting, August 25, 1986, Munich, West Germany. 


“Detection Efficiency of a Simple Processing Scheme for Analysis 
of LLP Lightning Amplitude Data”, ibid. 


“Variance Weighting for Calculations of Lightning Amplitudes 
and Locations from LLP Lightning Location System Data’, ibid. 


Chu, F.Y.: see Braun, J.-M. etal 


Chu, F.Y., Braun, J.-M., Seethapathy, R. and Gonzalez, L.A. 
“A New Approach to Moisture Measurement and Control in 
Gas-Insulated Switchgear”, CEA Engineering and Operating 
Division Spring Meeting, March 24, 1986, Toronto, Ontario. 


Cragg, C.B.H., see Bechai, M. etal 


Cragg, C.B.H., Krishnasamy, $.G., and Radhakrishna, H.S. 
“Uplift Design of Transmission Tower Foundations in Sand — A 
Probabilistic Approach’, International Symposium on 
Probabilistic Methods Applied to Electric Power Systems, June 
1986, Toronto, Ontario. 


Cress, S.L. 

“Pad-Mounted Transformer Protection and Cold Load Pick-Up”, 
Municipal Electrical Association (Ontario) District Meeting, April 
29, 1986, Cambridge, Ontario. 


Daechsel, P.: see Kurtz, M. et al 

Filter, R 

“Loadbreak Elbows and Bushings — State of the Art”, Municipal 
Electrical Association (Ontario) District Meeting, April 17, 1986, 
Kingston, Ontario. 

‘Goel, A.: see Sulowski, A.C. 

Gonzalez, L.A.: see Chu, F.Y. etal 

Guillo, P.-Y.*: see Chisholm, W.A. etal 

Gupta, B.K.: see Kurtz, M. et al 

| Havard, D.G. 

“Review of Canadian Galloping Observations from the 1985-1986 


inter”, CORECH Working Group on Galloping, August 29, 
986, Paris, France. 


Use of a Probabilistic Method to Evaluate the Benefits of 
loping Controls”, ibid. 


vard, D.G., Pon, C.J., and Pohlman, J.C.* 

ing Control Permits Tower Head Compaction and Line 
ading”, IEEE Transmission and Distribution Conference, 
ug! 14- 16, 1986, Anaheim, California. 


dou - ‘Tower Head Dimensions Through Galloping 


€ oe 8, 1986, oe C 


hird International Workshop on po Icing of 


| Watt, G.S.: see Havard, D.G. etal ; a 


Havard, D.G., Pon, C.J., and Watt, G.S. 

“Clearances for Galloping on Overhead Lines”, International 
Symposium on Probabilistic Methods Applied to Electric Power 
Systems, June 11-13, 1986, Toronto, Ontario. 


Janischewskyj, W.*: see Chisholm, W.A. etal 


Kalvins, A. 

“Evaluation and Guidelines for Use of Portable Gas Detectors,” 
Municipal Electric Association (Ontario), District Semi-Annual 
Meeting, November 19, 1986, Kingston, Ontario. 


Konrad, J.-M.*: see Bechai, M. etal 


Kortschinski, J. 

“Fault Current Diverter for Protection of Distribution 
Transformers”, Canadian Electrical Association Engineering and 
Operating Division Spring Meeting, March 22, 1986, Toronto, 
Ontario. 


Krishnasamy, S.G.: see Cragg, C.B.H. etal 


Kurtz, M., Stone, G.C., Daechsel, P., and Gupta, B.K. 

“Fault Anticipator for Substation Equipment”, IEEE Power 
Engineering Society Transmission and Distribution Conference, 
September 14-19, 1986, Anaheim, California. 


Law, K.T.*: see Bechai, M. et al 

Mclntyre, N.S.*: see Braun, J.-M. 

Pohlman, J.C.*: see Havard, D.G. etal 

Pon, C.J.: see Havard, D.G. etal 
Radhaskrishna, H.S.: see Cragg, C.B.H. etal 
Rizzetto, S.: see Boggs, S.A. 


Seethapathy, R.: see Braun, J.-M. etal; also Chu, F.Y. et al 


Smith, K.C.: see Chisholm, W.A. ez al 
Stone, G.C.: see Kurtz, M. etal 


Sulowski, A.C. 

“Fall Protection in Transmission Line Operations”, Power 
Authority of the State of New York , St. Lawrence Power Project, 
August 7, 1986, Massena, New York. 


“Steel Tower Fall Protection”, One Hundred and Twenty-First 
Safety and Industrial Health Committee Meeting, May 4-7, 1986, 
Kansas City, Missouri. 


Sulowski, A.C., and Goel, A. 

“Worker Safety Aloft — Transmission and Distribution Structures”, 
Northeast Transmission Group Meeting, May 15-16, 1986, 
Toronto, Ontario. 


Vainberg, M. a 
“Probabilistic Assessment of Grounding Heras’, IEEE | 
Substation Meeting, April 29, 1986, io Arizona. 


UTILIZATION 


Chu, F.Y. 

“Application of Optical Multi-Channel Analyzer in Plasma Jet 
Diagnostics”, Seventh International Symposium on Plasma 
Chemistry, Eindhoven, The Netherlands. 


“Industrial Applications of Plasma Powder Processing and 
Synthesis”, Workshop on Plasma Powder Injection, August 1986, 
Hamilton, Ontario. 


Oda, S.J. 

“Radio-Frequency Heating in the Food Industry, "Workshop on 
Microwave Applications in the Food and Beverage Industry, 
Ontario Hydro Research Division, December 1986, Toronto, 
Ontario. 


ENVIRONMENTAL PROTECTION 
Boae, D.*: see Nguyen, Y.V. etal 


Cho, H.-R.*: see Kavassalis, T.A. et al; also Niewiadomski, M 
etal 


Emery, J.J.*: see Hooton, R.D. 


Freire-Canosa, J., Naqvi, S.J., Kellay, G.S., and Mentes, G.A. 

“A Concrete Cask Design for Storage, Transportation and 
Disposal”, Second International Conference on Radioactive Waste 
Management, September 7-11, 1986, Winnipeg, Manitoba. 


Freire-Canosa, J., and Sato, J.A. 

“Concrete Casks for Storage, Transportation and Disposal of 
Irradiated Fuel”, Third International Spent Fuel Technology 
Symposium/ Workshop Meeting, April 7-10, 1986, Seattle, 
Washington. 


Hawthorne, S.H.: see Nguyen, Y.V. etal 
Hester, R.A.: see McKinley, R.S. etal 


Hooton, R.D. 

“Development of Concrete Mixtures for Radioactive Waste 
Disposal”, Second International Conference on Radioactive Waste 
Management, September 7-11, 1986, Winnipeg, Manitoba. 


“Freezing and Thawing Resistance of Non-Air Entrained 
Concretes Containing Silica Fume”, Eighty-eighth Annual 
Meeting of the American Ceramic Society (Cements Division), 
April 27-May 1, 1986, Chicago, Illinois. 


Hooton, R.D., and Emery, J.J.* 

“Sulphate Resistance of a Canadian Slag Cement — Long Term 
Measurements”, Second International Conference on the Use of 
Fly Ash, Silica Fume, Slag & Natural Pozzolans in Concrete, April 
21-25, 1986, Madrid, Spain. 


Husain, A., and Williamson, A.S. 

“A Plant for Immobilizing Low-Level Aqueous Waste in Water 
Extendible Polymer”, International Topical Meeting on Waste 
Management & Decontaninanan & Decommissioning, 
September 14-18, 1986, Niagara Falls, New York. 


Iribarne, J.*: see Kavassalis, T.A. et al; also ee M 
etal 


Kavassalis, T.A.: see Niewiadomski, M. etal 


Kavassalis, T.A., Melo, O.T., Iribarne, J.*, and Cho, H.-R.* 
“Cloud Microphysics and Acid Rain Formation in Frontal 
Circulations”, Second International Specialty Conference on 
Meteorology of Acid Deposition, March 1986, Albany, New 
York. 


Kellay, G.S.: see Freire-Canosa, J. et al 


Kwik, J.K., and McKinley, R.S. 

“The Effect of Four Different Diets on the Growth of 
Macrobrachium Rosenbergii Reared in Indoor Facilities”, Third 
Annual Meeting of the Aquaculture Association of Canada, June 
5, 1986, Guelph, Ontario. 


Legrow, $.M.: see McKinley, R.S. etal 


Maak, P.Y. 

“Progress in Welding Studies of Canadian Nuclear Fuel Waste 
Disposal Containers”, International Conference on Trends in 
Welding Research, May 22, 1986, Gatlinburg, Tennessee. 


McIntyre, N.S.*: see Braun, J.-M. etal 


McKinley, R.S. 

“Assessment of Ichthyoplankton Entrainment at Bruce NGS A — 
1985”, Bruce NGS A Technical Unit, January 1986, Ontario — 
Heda. Kincardine, Ontario; also see Kwik, J.K., ad Patrick, 
Po. 


McKinley, R.S., Hester, R.A., Sim, B., and Legrow, $.M. 
“Assessment of Ichthyoplankton Entrainment at Bruce A Using a 
Modified Pump/ Net System”, International Association for Great 
Lakes Research Twenty-Ninth Conference, May 26-29, 1986, 
Scarborough, Ontario. 


Melo, O.T.: see Kavassalis, T.A. et al; also Niewiadomski, M 
etal 


Mentes, G.A.: see Freire-Canosa, J. et al 


Mozes, M.S. 
“Overview of Canadian R&D Programs Related to 


Environmentally Acceptable Coal Combustion”, Fifteenth IERE — 
General Meeting, October 20-22, 1986, Oy Japan, a 


Naqvi, S.J.: see Friere-Canosa, J. et al; also Nguyen, Y.V. etal 


Nguyen, Y.V., Hawthorne, S.H. Nae $ and Boae, D 

“Amine Waste Gonobt ee be a Sol-Gel Process” on 
Nuclear Society — Fuel Cycle and Waste Management, September 
14-18,1 we NiazarA Falls, os York. 


and iiparne, ne a 
“A One- Dimensional, Two- Stream Model of T 
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Ogram, G.L., and Sahota, H.* 

“Characterization of Building Wake Effects and Short-Ran,e 
Dispersion at Darlington Nuclear Generating Station Using 
Sulphur Hexafluoride (SF6) as a Tracer”, Ontario Ministry of the 
Environment Technology Transfer Conference, December 9, 
1986, Toronto, Ontario. 


Patrick, P.H. 

“Fish Diversion Schemes: An Application of Biology for Industry”, 
University of Windsor Biology Seminars, January 1986, Windsor, 
Ontario. 


Patrick, P.H., and McKinley, R.S. 
“Fish Diversion at Pickering NGS — 1985-86” EPRI Meeting, 
Roseton GS, October 27, 1986, Poughkeepsie, New York. 


“Fish Control Technologies”, Nova Scotia Power Corporation, 
December 4, 1986, Annapolis, Nova Scotia. 


“Fish Protection Schemes at Hydro-Electric Facilities”, Workshop 
on Downstream Fish Migrants at Hydro-Electric Facilities, 
_ September 18, 1986, Providence, Rhode Island. 


: Sahota, H.*: see Ogram, Gl. 


ato, J.A.: see Freire-Canosa, J. 
Sim, B.: see McKinley, R.S. etal 


eper, B. 

“Evaluation of the Iron-Based, Stressed-Shell Container for 
osal of Used Fuel”, Waste Management ’86 Conference, 
ch 2-6, 1986, Tucson, Arizona. 


3te-Packed, Thin-Walled Container for Disposal of Used 


nalysi Electrical Utility”, LECO Conference on 
: raphy, May 6, 1986, Orlando, Florida. 
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Findlay, R.D.*: see Tarasiewicz, E.J.* et al 


Goushleff, D.C. 

“Skills Development Expert System”, Canadian Operational 
Research Society Annual Conference, June 2-4, 1986, Toronto, 
Ontario. 


Ho, D.C. 
“Assessing Utility Investment Decisions Under Uncertainty”, ibid. 


Punhani, A.L.: see Camacho, F. 


Shmayda, W.T., Winter, J.*, Waelbroeck, F.* , and Wienhold, P.* 
“Radial Atomic Hydrogen Flux Measurements to the TEXTOR 
Liner”, Seventh International Conference on Plasma Surface 
Interactions in Controlled Fusion Devices, May 5-9, 1986, 
Princeton, New Jersey. 


Shoukri, M.: see Elphick, I.G. etal 

Tarasiewicz, E.J.*, Findlay, R.D.*, and Dableh, J.H. 

“Finite Element Approach to the Solution of Axisymmetric Vector 
Field Problems”, IEEE Intermag’86 Conference, April 14-17, 
1986, Phoenix, Arizona. 

Waelbroeck, F.*: see Shmayda, W.T. etal 

Wienhold, P.*: see Shmayda, W.T. etal 


Winter, J.*: see Shmayda, W.T. etal 
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From its modest beginning three-quar- 
ters of a century ago, the Research 
Division has grown to be a vital part of 
Ontario Hydro. Not satisfied with just 
peering through windows, Hydro 
researchers have, since 1912, continu- 
ally endeavoured to make Ontario 
Hydro a world leader in electric utility 
research. 


The front cover shows a scene from an 
early standards laboratory, such as was 
set up by Ontario Hydro circa 1916. 
The view through the window con- 
trasts the precision instruments of this 
era with the technology of the 1980s 
used by Hydro in support of its nuclear 
generation. 


A selection of significant research con- 
tributions made during the past sev- 
enty-five years is shown on the inside 
back cover. As always, Ontario Hydro 
strives for excellence in service to its 
customers through the talents and com- 
mitment of its people and the wise use 
of modern technology and practices. 
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Nineteen eighty-seven marked the 
75th Anniversary of the inception 
of laboratory research at Ontario 
Hydro. This makes Ontario Hydro’s 
Research Division the oldest utility 
research organization in North 
America. The Research Division has, 
over the years, established a world 
wide reputation for innovation and 
leadership in electric utility research. 

Throughout its history, the 
Division has developed many new 
techniques and instruments that have 
been adopted by others. For example, 
the Soniscope, an instrument devel- 
oped in the 1950s to inspect large 
concrete masses by means of ultra- 
sonics, is being used around the 
world. The Soniscope is not the only 
development, and a brief description 
of the Research Division’s history 
of accomplishment is given in the 
supplement at the back of this year’s 
report. 

Ontario Hydro has always been 
concerned with helping its customers 
to make good use of electricity. In 
fact, right from its beginnings, the 
Research Division was involved in 
testing and evaluating electrical 
products and setting standards for 
their manufacture and application. 
As well, Ontario’s manufacturers 
have used information generated by 
Hydro’s research to improve the 
quality and competitiveness of their 
products. 

I congratulate the management and 
staff of the Research Division on the 
completion of seventy-five years of 
outstanding contributions to Ontario 


Ontario. 


a & bm & Cee 


L.G. McConnell 
Vice-President 
Power System Program 


Hydro and to the power consumers of 
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| 
Lorne McConnell holds a klydonograph, a device developed at the Research Division’ 
to record lightning-produced voltage surges on transmission lines. 
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This year marked the seventy-fifth 
that research and development has 
been an integral part of the Corpor- 
ation’s work program. Throughout 
its history, the Division has been 
responsible for meeting Ontario 
Hydro’s current technological needs. 
In recent years, because of rapid 
technological growth and change, 
increased emphasis has been placed 
on anticipating the Corporation’s 
future technical requirements. 

Coupled with increased pressure to 
keep pace with scientific advances is 
the need for new technologies to deal 
with social and economic concerns. 
For example, current interest in 
environmental issues has resulted in 


DIRECTOR’S MESSAGE 


a concomitant increase in related 
research activity. Although the 
Corporation has always tried to 
minimize the impact of its operations 
on the environment, more infor- 
mation about the effects of power 
system operation on the environment 
and better methods to mitigate these 
impacts are required. The Division’s 
current work includes such activities 
as the investigation of options for 
controlling acid-gas emissions; 
research into the transport, transfor- 
mation, and deposition of pollutants; 
and novel concepts of vegetation 
control in transmission corridors. 
The Division has also achieved world 
recognition for its use of behavioural 
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Don Mills visits an environmental monitoring installation at Trafalgar TS. 
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techniques to minimize the impinge- 
ment of fish at generating stations. 

Environmental research is of 
course only one of the Division’s ten 
programs. As in the past, Research 
staff are today providing technical 
support for the Corporation which 
will help ensure a reliable and inex- 
pensive supply of electricity in the 
future. 


Don Mills 
Director 
Research Division 


Manager’s Report 


The Chemical Research Department 
has approximately 70 scientists and 
engineers and an equal number of tech- 
nical and support staff who work 
mainly in the chemical, biological, and 
environmental disciplines. The 
Department’s research and develop- 
ment program in support of the Cor- 
poration’s needs is comprehensive, 
ranging from long-term scientific 
investigations and short-term prob- 
lem-solving, to provision of chemical 
analytic services. 

In 1987, research in the nuclear and 
environmental areas constituted the 
largest components of the Depart- 
ment’s work, each area representing 
approximately one-third of the total 
$12 million dollar program. 

In the nuclear area, numerous 
projects were carried out in materials 
development, reactor component 
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Manager 
Dr. O.A. Kupcis 
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Mr. A.S. Williamson 
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Corrosion Chemistry & 
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Environmental Science 
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integrity, and in chemical process 
development, which contributed to the 
continued reliable and safe operation 
of Ontario Hydro’s CANDU reactors 
and to the repair and maintenance 
activities associated with reactor 
retubing. 

In the environmental field, major 
efforts continued in developing meth- 
ods for controlling acid-gas emissions 
from coal-fired stations and in estab- 
lishing their environmental pathways. 
Biological surveys were carried out to 
determine the impact of Ontario 
Hydro’s generating facilities on the 
environment. 

A number of long-term programs 
saw commercial application this year. 
The development, in conjunction with 
CFFTP, of a chromatographic system 
for separating hydrogen isotopes for 
fusion facilities was completed, and 
the system was sold to the Karlsruhe 
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Inspection of generator No. 2 at 
Ontario Power Generating Station 
in 1905. 


Tritium Laboratory in West Germany. 

The process for polychlorinated 
biphenyl (PCB) destruction, which 
was developed jointly by the depart- 
ment and BC Hydro and licensed to 
an Ontario-based company, operated 
successfully both outside the province 
and within Ontario Hydro to decon- 
taminate 150,000 litres of PCB-con- 
taminated oil. An acoustical device for 
controlling fish movement at intake 
structures successfully proved its effec- 
tiveness at various locations, and 
negotiations are currently underway 
to transfer this technology. 

The Chemical Department is 
divided into five sections with respon- 
sibilities in the areas of process chem- 
istry, materials, analytic chemistry, 
biology, and environmental science. In 
addition, the Department has a project 
group working in the area of corrosion 
chemistry. The Department also has 


Extracts of water samples are being prepared for analysis on a gas chromato- 
graph/mass spectrometer that can detect and identify trace quantities of organic 
compounds in environmental samples. The technician is shown taking a small 
sub-sample for subsequent injection into the instrument. 


two senior research scientists who are 
involved in projects on prawn aquacul- 
ture, on the biological effects of elec- 
tromagnetic fields, and on the quality 
assurance of radioactive waste forms. 

Technology is being developed 
for the thermal aquaculture of giant 
freshwater prawn. The successful 
demonstration of this technology is 
expected to create a significant market 
for waste heat and steam, and in some 
cases, electricity. Substantial progress 
towards this goal was made in 1987. 
The objective in 1988 is to firmly 
establish commercial interest in this 
technology. 

Since the 1980s, public concern 
about the possible health effects of 
electromagnetic fields has increased. 
As part of a broad Corporate program 
to address this issue, a study has been 
proposed to test the hypothesis that 
exposure to 60-Hz fields may increase 
the activity of carcinogens. 

The management of operating 
wastes from Ontario Hydro’s nuclear 
reactors requires that packages of 
radioactive waste have acceptable 
integrity and no flaws. The develop- 
ment of methods for assessing the 
quality assurance of radioactive waste 
forms was started in 1987 and consti- 
tutes Ontario Hydro’s component of 
an effort coordinated by the Interna- 
tional Atomic Energy Agency (IAEA). 


Analytic Services 


The Analytic Services Section sup- 
ports the research of scientists across 
the division by providing advice, state- 
of-the-art instrumentation, and chemi- 
cal analytic services. Scientists consult 
with analysts to work out the best 
experimental designs to ensure that 
chemical analysis of samples will 
provide them with optimal data. Ana- 
lysts maintain the existing analytic 
capability of the laboratory and devel- 
op new techniques to meet special 
requirements. Essentially, the Section 
functions as a central service labora- 
tory for the Corporation. 

Significant changes in the regulatory 
environment during the past year 
affected the requirement for chemical 
analysis. Application of the “Trans- 
portation of Dangerous Goods Act”, 
increased concerns associated with 
handling of hazardous materials, con- 
straints on temporary storage and dis- 
posal of industrial materials, and the 
Municipal-Industrial Strategy for 
Abatement (MISA) all increased the 
need for chemical analysis. During the 


year, the analysis of PCBs in trans- 
former oils was fully automated. 
Robotics allowed the handling of 
increasing volumes of “rush” analyses. 
Dual-column capillary gas chroma- 
tography was developed to relieve the 
pressure of handling large numbers of 
gas chromatography and mass spec- 
trometry analyses. A complete screen- 
ing of effluents from all power plants 
was carried out under MISA protocols 
to develop the required materials han- 
dling and the analytical protocols for 
the regulation development phase, 
which is scheduled to occur in 1988. 


Laboratory capabilities were 
enhanced in the areas of gas chro- 
matography, liquid scintillation count- 
ing, and x-ray fluorescence. The 
labour-intensive analysis of gases in 
transformer oils, used to identify 
transformers likely to fail, has been 
fully automated. A new analyzer 
allows carbon in water to be analyzed 
at levels of interest to thermal power 
plant operators. 


The carbon-14-containing solid 
from the annulus of Pickering NGS 
Units 1 and 2 was studied in detail. It 
has not yet been possible to define a 
particular molecular structure for the 
material, but the best evidence avail- 
able shows it to be a carbon-nitrogen- 
oxygen polymer. Studies were carried 
out on the oxidation of the carbon-14 
to determine if it could be gasified by 
heat and oxygen. These studies are 
ongoing. 


Experimental acoustic devices were installed at the Annapolis Tidal GS in Nova 


Biological Research 


In 1987, the Biological Research 
Section continued to contribute to the 
Corporate program to assess biota 
around generating stations. Compo- 
nents of the program included field 
surveys, vegetation studies for right- 
of-way management, radionuclide 
studies, and work in behavioural fish 
control systems. 

The goal of the vegetation control 
program is to identify more effective 
and more environmentally responsible 
means of controlling undesirable vege- 
tation on transmission and distribu- 
tion rights-of-way. Past studies have 


Scotia (top) and New York State (bottom). These devices are being evaluated as a 
state-of-the-art method to exclude fish from the water intakes of generating 


stations. 


assessed at Six Mile Lake, and mod- 
elling is being undertaken to determine 
whether changes in the direction and 
volume of inflow will affect the habi- 
tats of fisheries. 

d) Water quality, fish spawning habi- 
tats, and fish species distributed below 
Red Rock GS, were monitored to 
determine the effect of bank stabiliza- 
tion on the aquatic environment. 


the environmental effects of the con- 
struction and the operation of generat- 
ing stations to be determined. For 
example: 

a) At Nanticoke TGS, an investigation 
of the biological consequences of the 
elimination of tempering of discharged 
cooling water was carried out. In addi- 
tion, asummary of the influence of 
industrialization on the aquatic envi- 
ronment around Nanticoke was pre- 
pared. 

b) At Bruce NGS, a year-one post- 
operational study focused on small- 
mouth bass reproduction and recruit- 
ment. Investigations of round 
whitefish spawning continued. 

c) The effects of the Big Chute 
hydraulic development are being 


explored novel concepts of vegetation 
control, attempted to improve on 
existing control techniques, provided 
environmental information, and eval- 
uated new products. The effects of tree 
cutting, population dynamics of the 
right-of-way vegetation, and the inves- 
tigation of trunk injection of growth 
regulators were the main areas of 
investigation this year. 


The radionuclide program focuses Environmental Science 
on determining the biological behav- 
iour of tritium and other radionuclides 
produced by Ontario Hydro’s nuclear 
facilities. This year, our investigations 
focused on deuterated materials, tri- 
tium and biofouling. 


Site observations continue to enable 


The Section continues to investigate 
a number of options for controlling 
acid-gas emissions. The calcination 
and sulphation reactions of Ontario 
limestones were studied under simu- 
lated furnace injection conditions. 


This laser probe is part of the instrumentation package used to investigate the meteorological, microphysical, and chemical 
properties of freezing precipitation and fog in Southern Ontario. Results from this study are expected to lead to a better 

understanding of such weather and to identify areas for further study as part of a program to solve a 500-RV insulator icing 
problem. 


Experimental facilities were built to 
study incremental sulphur dioxide 
capture in the ductwork of power 
plants that use dry sorbent injection 
with humidification. Similarly, filter 
deposits of power plants equipped 
with baghouses were investigated. A 
preliminary study of simultaneous sul- 
phur dioxide and nitric-oxide control 
using transition metal catalysts was 
completed. 

Three other projects initiated in pre- 
vious years were completed. One of 
these was an international study of the 
environmental pathways for elemental 
tritium. The controlled release and 
monitoring of tritium at two field sites, 
one in Canada and the other in France 
were involved. Results demonstrated 
that the oxidation of elemental tritium 
to the more radiotoxic tritiated water 
vapour occurs only slowly. 

Two other projects dealt with envi- 
ronmental pathways of acid gases. In 
one, the transport, transformation, 
and deposition of pollutants by clouds 
were studied by means of mathemati- 
cal models. The models predicted that 
some clouds effectively transport pol- 
lutants vertically in the atmosphere. 

In addition, cloud processes were 
predicted to result in nonlinear rela- 
tionships between air pollutant con- 
centrations and acid deposition. 

In the other project, the dry deposi- 
tion of sulphur and nitrogen dioxides 
to anumber of surfaces was measured. 
It was found that deposition rates to 
snow covered surfaces are very slow, 
and that nitrogen dioxide fluxes over 
vegetation need not be down to the 
surface, thereby indicating that the 
snow’s surface can be both a source 
and an absorber of nitrogen dioxide. 
Results from these projects suggest 
that long-range transport models need 

_ improvement. 

The licensing of nuclear stations and 
the design of safety equipment requires 
knowledge of the amount and the 
properties of radioactive aerosols that 
could be generated in the unlikely 
event of an accident. A capability to 
generate and to study aerosols was 
partially developed this year and was 
used to study the formation of liquid 

_ aerosols under simulated nuclear acci- 
dent conditions. 


The Section continues to support 
_the Provincial and Corporate nuclear 
_ emergency preparedness program by 
_ providing expert advice in atmospher- 
ic dispersion and meteorological 
| monitoring. 


“od 


Expertise in the atmospheric sci- 
ences was applied to a problem of great 
current concern: the icing, wetting, 
and contamination of insulators. An 
instrumented field station was set up to 
measure the chemical and physical 
properties of storms involving freezing 
rain in Ontario. In addition, a labora- 
tory study of insulator icing and wet- 
ting by the fog accretion mechanism 
was initiated in collaboration with a 
Canadian University. 


Materials Chemistry 


Nuclear containment integrity activ- 
ities involved a major inspection of the 
condition of non-metallic materials in 
the Bruce NGS ‘A’ vacuum building. 
Development of techniques to detect 
and quantify containment building 
leakage continues and a tracer gas 
method that uses ethylene was used 


A gas chromatographic hydrogen isotope system has been sold to the Karlsruhe 


(GIS) and liquid dielectric transform- 
ers demonstrated that moisture migra- 
tion, generation, and content reduced 
equipment performance. Moisture is 
present in solid insulation such as 
epoxy resin spacers, paper and press- 
board. The moisture is formed from 
material degradation under overload 
conditions. A computer program, 
MOISTGIS, has been developed to 
assess moisture content and distribu- 
tion as it relates to GIS. The effect of 
moisture, temperature, oxygen, and 
gassing on by-product formation is 
being studied to establish power trans- 
former acceptance criteria. 

Several deuterated materials were 
synthesized and their performance 
fully characterized as part of a pro- 
gram to assess the potential for wider 
use of these materials. 

Research to define immobilization 
and packaging requirements to allow 


Tritium Laboratory in the Federal Republic of Germany. The technology has been 
transferred to Labserco Limited in Oakville, Ontario. 


successfully during a four unit outage 
at Bruce NGS ‘A’. 


The occurrence of pressure relief 
duct seal failures during the commis- 
sioning of Pickering NGS ‘B’ initiated 
studies on the aging characteristics and 
performance of elastomeric seals. 
When examined, these seals, which 
had been in service for up to 17 years, 
revealed only slight changes in hard- 
ness and little oxidative degradation. 
Most deterioration appeared to be 
attributable to mechanical damage. 


Research into the deficiencies of 
materials in gas-insulated switchgear 


7. 


storage and eventual disposal of triti- 
ated waste with acceptably low envi- 
ronmental releases was completed. 
A full-scale, prototype liquid waste 
immobilization system for use with 
water-extendible polyester resin as 
the solidification matrix was demon- 
strated to Design and Development 
and Nuclear Operations personnel. 


Process Chemistry 


The Process Chemistry Section seeks 
to provide effective and cost-efficient 
technology for treating liquid and 
gaseous streams in generating stations. 
For Hydro’s nuclear stations, studies 


are underway to develop highly selec- 
tive sorbent materials for purifying 
water in the primary heat transport 
system, moderator and irradiated fuel 
bays. Static batch equilibrium tests 
and some preliminary column screen- 
ing tests have already been performed. 

The development in the laboratory 
of a gas chromatography system for 
hydrogen isotope separation allowed 
acommercially-scaled demonstration 
system to be designed, assembled, and 
tested. The work was funded by Karl- 
sruhe Tritium Laboratory in West Ger- 
many, and the Canadian Fusion Fuel 
Technology project (CFFTP). 

A patent based on the pilot-scale 
development of this system has already 
been granted in the United States. In 
addition, the commercially-scaled sys- 
tem, designed and assembled in coop- 
eration with a Canadian company, is 
part of a technology transfer effort to 
involve a private company at 


In the Process Chemistry Laboratory, a leachate extraction test is being performed 


The study aims to quantify SO2 cap- 
ture, sorbent utilization, waste charac- 
teristics, and electrostatic precipitator 
performance. Work to enhance SO 
capture and restore electrostatic pre- 
cipitator performance through humid- 
ification has been completed. Overall 
SO, capture by this two-step process is 
approximately 63 percent. 


To facilitate safe handling and dis- 
posal of the solid waste that results 
from limestone and lime injection into 
furnaces, detailed chemical and physi- 
cal characterizations of solid waste 
have been made. The fixated wastes 
were found to resemble fly ash and 
certain earth materials, and being 
“non-leachate toxic”, suitable for use 
as landfill or backfill. 

The development of an electrochem- 
ical pilot plant and test facility for the 
synthesis of ethylene glycol came 
closer to completion. The design of a 


as one of the many tests conducted to characterize wastes produced by the various 
acid-gas control processes under investigation. 


a developmental stage of the project. 
Following successful testing in the 
demonstration system, an engineering 
design of equipment for hydrogen iso- 
tope separation at the Karlsruhe Tri- 
tium laboratory was provided. 
Sulphur capture by in-furnace injec- 
tion of calcium-based sorbents has 
been studied under conditions simu- 
lating full-scale operation at Ontario 
Hydro’s 640-M]J-per-hour Combus- 
tion Research Facility. These studies 
are a significant component of the Cor- 
poration’s acid-gas control program. 


12-kg-per-hour electrochemical pilot 
plant has been completed. The design 
was complicated not by the chemistry, 
but rather by the need to contain and 
safely dispose of chemicals and elec- 
trolytes in the product stream. 


Corrosion Chemistry 
Decontamination Project 
Degradation of steam generator 


tubes, which may result in primary 
coolant leaks, is a major concern in 
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nuclear plants. To date, CANDU 
reactors lead the world in steam gener- 
ator integrity. However, a long-term 
research program is in progress to 
anticipate problems that may occur 
and to develop remedial measures to 
avoid or minimize their consequences. 

The greatest risk to Ontario Hydro’s 
steam generators is the formation of 
chemically aggressive conditions 
under sludge, which accumulates both 
on the secondary face of the tubesheet 
and in the crevices at the support 
plates. The rate at which these con- 
taminants concentrate has been stud- 
ied in laboratory autoclaves and a 
model has been produced to describe 
the process. Further study is aimed at 
determining the nature and severity of 
corrosion under sludge deposits. Last 
year, emphasis was mainly on Incoloy 
800 tube material, which will be used 
at Darlington NGS. 

The removal of accumulated 
deposits in steam generators may be 
required if under-deposit corrosion 
threatens the integrity of materials or if 
fouling of heat transfer surfaces results 
in power output reductions. A multi- 
year program to develop solvents 
capable of chemically removing these 
deposits was completed. | 

The most effective means of avoid- 
ing under-deposit corrosion isto mini- 
mize its formation. Deposits are 
formed mainly from the low levels of 
impurities produced by corrosion of 
the secondary system pipework. 
Deposits gain entry to the steam gener- 
ator via the feedwater. Thus, as part of 
along-term project to identify and, 
ultimately, to control the sources of 
these impurities, sampling equipment 
has been installed in a Bruce NGS ‘B’ 
unit. 

The group was also active in decon- 
tamination studies in 1987. A major 
requirement of the CAN-DECON 
chemical decontamination process 
continues to be the development of a 
sulphur-free inhibitor. Detailed labo- 
ratory evaluations of three candidate 
inhibitors were continued this year 
through a collaborative effort by 
researchers at the Division, at the 
AECL-Chalk River Nuclear Facility, 
and at the University of Guelph. The 
scope of the Guelph study is being 
expanded by means of a grant from the |} 
Natural Sciences and Engineering | 
Research Council. Investigations of the | | 
fundamental mechanisms of corrosion 
inhibition at carbon steel surfaces 
under decontamination chemistry 
conditions are being carried out. 


Manager’s Report 


The Research Division’s 75th 
Anniversary year has been a chal- 
lenging one for the Civil Research 
Department. The continuing con- 
struction of the Darlington nuclear 
generating facility, rated as one of the 
world’s mega projects, gave the 
Department numerous opportunities 
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to utilize its expertise in such specialty 
areas as advanced concrete technology 
and geotechnical engineering. 


Nuclear Generation Division called 
upon the Department to assist in test- 
ing and monitoring their nuclear con- 
tainment structures, and currently, 
reactor and vacuum buildings are 
being tested at the Pickering and the 


Views on power development at 
Niagara Falls as featured in the 
London Illustrated News in 1906. 


Bruce facilities to ensure their contin- 
ued safety and reliability. 

Ontario Hydro’s large commitment 
to nuclear energy makes studies related 
to the safe and environmentally 
acceptable storage, transportation, 
and ultimate disposal of irradiated 
nuclear fuel a high priority. Thus, con- 
centrated effort has been made by the 
Department to cooperate with the 


Design and Development Division of 
Ontario Hydro and with Atomic 
Energy of Canada Limited, both of 
which are involved in these types of 
studies. 

In addition to our commitment to 
ensuring the safe and reliable opera- 
tion of Ontario Hydro’s important 
nuclear structures, a concomitant 
concern is reflected in Civil Research’s 
effort to ensure the optimal perfor- 
mance of Ontario Hydro’s hydraulic 
generating facilities. This year, the 
Department has played a significant 
role in the Dam Safety Program. The 
work involved site investigations, 
through the preparation of design 
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Mr. G.S. Kellay 


A hydraulic rock and concrete breaking 
system has been designed for use in 
areas where blasting techniques cannot 
be safely used, such as near structures, 
sensitive equipment, and in residential 
areas. The rapid, portable system can 
be pressurized from a safe distance with 
the aid of a hydraulic pump and high 


pressure hoses. 


Concrete Control 
Mr. H. Caratin 


Rock Sciences 
Dr. A.T. Jakubick 


Soil Sciences 
Mr. T.J. Carmichael 


reviews, to rehabilitation and perfor- 
mance monitoring. These efforts have 
led to the Department’s participation 
in remedial work on a number of facili- 
ties. Work was carried out at Crystal 
Falls GS, Bray Lake GS, and at DeCew 
Falls GS. In addition, rehabilitation 
work was done on the Cedars 
Channels and Waba Dams. 

Another Corporate priority is mini- 
mizing the impact on the environment 
of anumber of power generation oper- 


laboratory and field projects were 
conducted to investigate the move- 
ment of contaminants beneath the coal 
ash lagoon at Nanticoke TGS and to 
provide design values for the analysis 
of the stability of the long-term ash 
storage mound. In addition, innova- 
tive utilization options for the ash pro- 
duced at the Lakeview and Nanticoke 
TGS facilities were investigated. 
Numerical modelling and full-scale 
transmission tower foundation testing 


the Dam Safety Program was provided 
with consultation services and reviews 
of historical data. In addition, state- 
of-the-art technology was applied to 
investigations of the DeCew Falls GS 
dykes and the Arnprior GS Waba Dam 
to provide parameters for inclusion in 
dam stability reviews. Instrumentation 
was installed at Pine Portage GS and 
other dam structures in support of the 
Thermal and Hydraulic Generation 
Division’s long-term performance 


ations. The Department has thus given led to design innovations in the new monitoring programs. 
increased attention to wastes gener- narrow-based 500-kV transmission 
ated from thermal plants; work was towers. Participation in transmission Rock Sciences 


done in the areas of acid flue gas con- 
trol, fly ash management, and in the 
disposal of flue gas desulphurizaton 
wastes. Similarly, considerable effort 
has been devoted to developing con- 
trols on wastes generated from nuclear 
power facilities. Two such controls 


As part of the corporate Dam Safety 
Program, researchers installed pendu- 
lums and precise surveying stations to 
measure the deformation of the Pine 
Portage concrete dam. 


currently under study involve radio- 
active carbon emissions and the dis- 
posal of reactor and irradiated nuclear 
fuel wastes, the latter being of great 
environmental concern. 


Soil Sciences 


In the area of thermal plant waste 
management, the Soil Sciences Section 
continues its involvement in special- 
ized geotechnical and hydrogeological 


tower refurbishment studies included 
the evaluation of the condition and 
load carrying capacity of foundations 
of transmission lines constructed more 
than 30 years ago. These studies are 
expected to provide a greater insight 
into the life expectancy and reliability 
of old lines. 

With regard to technology transfer, 
a training seminar was conducted by 
section staff for Chinese engineers in 
Beijing; the subject of the seminar was 
the “Theoretical Analysis and Practical 
Applications of Transmission Tower 
Foundations”. The seminar was pre- 
sented to engineers from the Electric 
Power Construction Research Institute 
and was funded by the Canadian 
International Development Agency. 

Soil Sciences continued to support 
research and development efforts in 
medium- and high-level radioactive 
waste disposal studies. Through 
Ontario Hydro’s Technical Assistance 
Program, which supports the AECL / 
WNRE Waste Management Program, 
studies are ongoing in the near-field 
heat and moisture modelling experi- 
ment for the reference design of under- 
ground disposal of irradiated fuel 
wastes. Ontario Hydro’s technical 
expertise in thermal modelling, grout- 
ing, and backfilling was sought by 
AECL/WNRE for their Underground 
Research Laboratory experiments 
which are being carried out near 
Pinawa, Manitoba. 

The Section plays a significant role 
in soil thermal measurements and in 
the theoretical modelling of heat and 
moisture as related to underground 
power cables, ground source heat 
pump performance and underground 
nuclear waste disposal. This expertise 
has been marketed to outside utilities 
through Ontario Hydro’s New Busi- 
ness Ventures Division. 


Rock Sciences is participating in a 
multi-agency effort (the Integrated 
Stress / Neotectonics Study for Seismic 
Hazard Assessment) to improve cur- 
rent capability to assess site-specific 
seismic hazards with low levels of 
probability of occurrence. The aim 


A dynamic triaxial test is being per- 
formed on soil taken from one of 
Ontario Hydro’s dams to determine 
the resistance of the soil to earth- 
quake-type loading. 


of the project, which involves such 
agencies as the Geological Survey of 
Canada, the Atomic Energy Control 
Board, the Ontario Geological Survey, 
the Ontario Centre for Remote 
Sensing, Laval University, the New 
Brunswick Department of Natural 
Resources, and the University of New 
Brunswick, is to allow application of 
more stringent criteria to critical struc- 
tures than those now required by the 
National Building Code of Canada. 

In 1987, research was directed at 
determination of the three-dimen- 
sional stress field in a rock mass and 
the integration of the observed neotec- 
tonic data with this field on an outcrop ‘ 
scale. Several field sites were involved. 


In southern Ontario, the integrated 
geo-scientific approach was tested at a 
research site (the Robindale quarry) 
near Napanee, where ground probing 


research and consulting. To provide 
input into the management of coal 
ash produced by coal-fired stations, 


radar revealed evidence of geologically | 
recent movements. Memorial Univer- _ 
sity in Newfoundland and Queen’s 


As part of a 7-year performance 
review of the Corporation’s concrete 
and earth water-retaining structures, 
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University in Ontario are carrying out 
a hydraulic pumping study to test the 
effect of hydrogeological changes on 
seismic activity. 


Concrete Technology 


The past year was a challenging one 
for the Concrete Technology Section. 
Projects were designed to address both 
the Corporation’s current and antici- 
pated needs. 

In order to facilitate access through 
swamps, muskeg, and lakes, most 
transmission line construction must be 
performed during the winter months. 
Thus, since cement-based concretes 
and grouts require costly protection 
from the environment during the early 
stages of curing, a need arose to devel- 
op materials that were not adversely 
affected by subfreezing temperatures. 
A polymer concrete suitable for use at 
temperatures down to minus 25°C 
without the need for protection was 
developed, and substantial savings in 
the cost of tower-footing construction 
were realized. In northern Ontario, the 
development of this novel material has 
facilitated cost-efficient construction 


of a major guyed extra-high-voltage 
transmission line under severe winter 
weather conditions. 

An on-going concern in structure 
maintenance is the selection and use of 
repair materials. A rehabilitation and 
repair program was undertaken to 
assess the use of both organic and inor- 
ganic materials in hydraulic, thermal, 
and nuclear structures. Considerable 
work has been done to identify the 
physical characteristics of candidate 
materials, and their long-term perfor- 
mance is currently being evaluated. 

In 1987, a four-year study on the 
behaviour of reinforced concrete struc- 
tures subjected to thermal gradients 
was completed. The program involved 
the construction of models and their 
monitoring during tests. The result 
was the formulation of analytical 
methods to predict behaviour. A com- 
puter program to analyze structures 
subjected to thermal and mechanical 
loads was developed, thus enabling 
designers to predict more accurately 
the consequences of thermal stresses. 

Concrete casks are being considered 
for storage of irradiated fuel. How- 
ever, the development of these casks 


Laboratory concrete specimens, stored in controlled temperature and humidity environments, are regularly monitored as part of 


requires costly testing of prototypes. 

It is therefore necessary to test scaled- 
down versions. A major difficulty with 
scaling-down 1s the determination of 
the scaling effect on observed results. 
Thus, a program was undertaken to 
investigate size-effect on specimens 
subjected to a drop test. Four models 
of varying size were instrumented and 
tested to determine their response to 
impact loads. The data from this study 
will help in predicting the behaviour of 
a full-scale prototype. 


Concrete Control 


The Concrete Control Section has 
inspected and tested approximately 
70,000 m° of concrete placed at the 
Darlington NGS construction site. A 
crew of 12 inspectors sampled cement, 
aggregates, and concrete to check for 
conformance with rigid project 
specifications. 

In addition, inspection was pro- 
vided during the rehabilitation of the 
Cedars North Channel Dam, Eugenia 
GS, and the Ontario Power Generating 
Station’s intake structure and 
screenhouse. 


a practice to ensure the quality of materials used in Ontario Hydro’s structures. In addition, an evaluation of the effectiveness of 
corrective measures is made in cases where the use of problem materials cannot be avoided. 
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Manager’s Report 


The Divisional Projects Department 
interfaces with various groups within 
the Division, within Hydro as a whole, 
and with other groups external to the 
Corporation. Its activities may be sub- 
divided into Special Studies, Research 
Management Studies, and Research 
Business Support. 

In the category of Special Studies, 
the Department carries out liaison and 
coordinating functions, both within 
and external to Ontario Hydro to iden- 
tify new areas of research and, where 
appropriate, to initiate projects. Ad- 
vice and resources are drawn from the 
Research Division and other Hydro 
Divisions, from industry, universities, 
and government agencies. 


In 1987, emphasis was on increased 
Research Division participation in the 
development of new electrotechnolo- 
gies of benefit to Ontario industry. 
Work continued on the coordination 
of plasma arc and advanced ceramic 
programs. Cooperation with the 
Metallurgical Research Department 
and the Marketing Branch resulted in 
a plan for the establishment of an 
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electric furnace facility for use in coop- 
erative research and development on 
ferrous and non-ferrous metals. 

Work began on an industrial laser 
program. Links to the laser com- 
munity were strengthened by the 
appointment of a member of the 
Division to the position of adjunct 
professor in the Laser Applications 
Laboratory at York University and to 
the User Facility Committee in the 
Centre of Excellence in Laser and 
Lightwave Research at the University 
of Toronto. Industrial partners for a 
collaborative program of research and 
development of ceramic powder pro- 
duction technology have been identi- 
fied and proposals for funding are 
being developed. 

Production of technological fore- 
casts is ongoing. This year a Delphi 
study, focused on advanced industrial 
materials, was carried out in conjunc- 
tion with the Operations Research 
Department. Addressed were the areas 
of ceramics, plastics, metals, and elec- 
trolytic and superconducting materi- 
als. The study was directed at Market- 
ing and Research personnel. A paper 
on technology forecasting was co- 
authored with Operations Research 
personnel, and this will be presented at 
the International Conference on Tech- 
nology Management in February, 
1988. 

Artificial Intelligence (AI) is an 
important area of inquiry. Regular 
issues of the AI newsletter continue to 
be a valuable tool for communication 
within Hydro’s AI community. A com- 
puter program was developed which 
incorporates some of the expertise of a 
senior meteorologist and will assist in 
forecasting conditions likely to pro- 
duce icing on transmission lines. A 
small neural network simulation was 
designed to investigate the speed with 
which the network can be taught to 
distinguish between simple shapes. 


iV: 


A scene from the parade that 
preceded the formal inauguration 
of electric power service in Berlin 
(now Kitchener) in 1910. 


The Department provides external 
contracts support. A guide for the 
production of research contract 
proposals, a general confidentiality 
agreement, and intellectual property 
clauses for external consultants were 
some items developed during 1987. 


This year was the Research Divi- 
sions’s 75th Anniversary and the 
Department took the lead role in plan- 
ning and organizing celebrations. An 
anniversary logo was commissioned 
and has found a number of applica- 
tions. A video that traces the history 
and the accomplishments of the Divi- 
sion was produced, and this was first 
screened during the Anniversary Open 
House in June. Over 1,500 people vis- 
ited the Division during this 3-day 
event. In October, a symposium on the 
“Value of Research to Society” was 
hosted by the Division at a local hotel. 
Guest speakers from other organiza- 
tions with an interest in research pre- 
sented papers describing the signifi- 
cant role research plays in supporting 
modern society. 

The Division has many visitors. 
This year, the Department organized 
over thirty tours. Among the visitors 
were delegations from the Lawrence 
Berkeley Laboratory and from various 
foreign utilities and research organiza- 
tions. University students from local 
and foreign institutions and members 
of Hydro’s own training program also 
participated in many tours. 


Posters promoting the achievements 
of the Division were produced to 
encourage students to consider careers 
in science or engineering. In addition, 
the Department participated in the cel- 
ebration of the 100th Anniversary of 
the Association of Professional Engi- 
neers of Ontario. A display was pro- 
duced and sent to various locations in 
the province. 
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0 further assist Ontario industries, researchers are studying the cutting, welding, 
ndustrial carbon-dioxide laser. 


and drilling of various materials with an 
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Manager’s Report 


The Electrical Research Depart- 
ment’s research and development pro- 
gram is extensively interactive with 
other Divisions in Ontario Hydro 
and, where appropriate, with industry 
and the public. The objective of the 
overall program is to serve the present 
and future needs of both the Corpora- 
tion and Ontario’s Municipal Utilities 
and to work together with Canadian 
Industry in an effort to introduce 
energy saving electrotechnologies 
in manufacturing. 

Research studies of benefit to 
Ontario Hydro and its customers are 
also carried out under contract to 
organizations such as the Canadian 
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Electrical Association and the Electric 
Power Research Institute in the United 
States. It is of interest to note that the 
general trend in utility research 
towards near-term development 
projects and generic problem solving 
was also evident in the overall Electri- 
cal Research R&D program in 1987. 
While several long-term studies con- 
tinued, primarily in advanced diagnos- 
tics, artificial intelligence, and high- 
power laser applications, a number of 
high-priority near-term objectives 
were pursued in close cooperation 
with other Divisions. Two programs 
which are unique to Ontario Hydro, 
deserve special mention. The first con- 
cerns the reliable performance of 500- 
kV power transmission facilities dur- 
ing atmospheric conditions such as 
freezing rain, dense fog and near-freez- 
ing temperatures. The second aims at 
increasing generation limits for major 
power plants operating under severe 
transmission constraints. Both of these 
in-house research programs have 
attracted international attention and 
could well lead to new utility practices. 

To alleviate the consequences of 
increasing limitations on the construc- 
tion and operation of power lines, an 
in-depth design optimization program 
is underway that takes into account 
considerations of terrain, environ- 
ment, material properties, and alter- 
native design techniques. The program 
also addresses optimum utilization of 
existing transmission lines. Initial 
results of the above studies were part 
of the content of a ten-day seminar 
presented in China under the auspices 
of the Canadian International Devel- 
opment Agency. 

Anew CSA Standard (C-233.1), 
Gapless Metal-Oxide Surge Arresters 
for Alternating Current Systems, 
which has been in preparation for 
five years, has reached the stage of 
publication. This document is the 


Construction of Hydro’s first Head 
Office Building at 610 University 
Avenue in May of 1915. 


most complete standard on the new 
metal-oxide surge arresters and will 
meet the needs of Canadian power 
utilities for years to come. 

A defacto standard in hydraulic gen- 
erator maintenance was established in 
1987 with the completion of an agree- 
ment with a Canadian company to | 
manufacture and market world-wide, 

a new diagnostic instrument for on- 
line insulation quality monitoring. 

This instrument is one of a group of 
electronic devices both developed and 
still under development for use in the 
power system. Many of these devices 
will ultimately be integrated in a “Power 
System Integrity Control” system, now 
in the early stage of development. 

Several initiatives were taken in 
support of distribution system main- 
tenance and customer equipment 
performance. Consultations with 
the Municipal Electrical Association 
resulted in a decision to direct these 
activities more formally in the best 
interest of Ontario’s Municipal 
Utilities. 

Asummary of the research and 
development effort in the Electrical 
Research Department follows. 


Transmission & Special Projects 


A major concern this year was the 
occurrence of multiple flashovers of 
500-kV line suspension and station 
post insulators during atmospheric 
conditions marked by light freezing 
rain, followed by fog andrisingtem- | 
peratures. Because of limited transmis- | 
sion facilities from nuclear generating | 
stations, the determination of cause 
and the need to find a remedy for the 
flashover problem became critical. 
Thus, in cooperation with Region 
staff, and Production, Power System 


lectromagnetic interference measurements were taken for the 


omplies with commission specifications. Normal subway operation was suspended while these tests were performed in the early 
Horning hours at an open section of track near the Kipling subway station. 


Toronto Transit Commission to verify that their H6 subway car 


place to assess the performance of 
available insulator arrangements and 
to evaluate new designs based on an 
understanding of the flashover mecha- 
nism. 

Load loss due to the high failure 
rates of some low-voltage station bus 
support insulators led to field tests that 
resulted in the development of a posi- 
tive puncture detector for field use. 
Another new development was a pro- 
totype grounding stick to protect cargo 
handlers from exposure to hazardous 
electric shocks caused by electrostatic 
charging of hovering helicopters. This 
device was successfully developed and 
tested during repairs to the top of a 
Nanticoke TGS stack. 

Contributions continue to be made 
at both a national and an international 
scale to the development of better 
performance standards and applica- 
tion guidelines for the use of gapless 
metal-oxide surge arresters. A long- 
term study of the thermal properties 
of metal oxide ceramics, widely used 
in these surge protective devices, 
revealed the range of stability charac- 
teristics of thirteen commercially 
available materials. 

Algorithms were developed for com- 
puting the detection efficiency and the 
location quality of results from the 
Ontario Cooperative Lightning detec- 
tion network. These models demon- 
strated that an additional lightning 
receiver would reduce the false alarm 
rate for arming the Load-Generation 
Rejection Scheme of the Bruce NGS. 

Anew low-loss ACSR conductor 
has been developed and tested, and it 
gives a reduction in AC resistance of 
3.8 percent. Use of low-loss con- 
ductors could significantly reduce 
transmission losses without adding 
to the cost of the transmission lines. 

Studies of the thermal behavior of 
conductors validated Ontario Hydro’s 
state-of-the-art real-time weather 
monitoring system. Improvements in 
the use of weather data will lead to 
improved and safer use of existing 
transmission facilities. 


System Studies 


The stability and security of the 
interconnected power grid remains a 
concern, with the continuation of 
locked-in generation at the Bruce 
Complex and a proliferation of oper- 
ating interface limitations. To help sta- 
bilize low-frequency inter-area modes 
of oscillation, power system stabilizers 
have been installed on some of the 


Pickering NGS units, with stabilizers 
for the remainder scheduled to be 
installed early in 1988. Anew power 
system stabilizer for hydraulic units 
was developed. Testing at the Sir 
Adam Beck II GS confirmed the val- 
idity of plant models essential for opti- 
mizing performance of our automatic 
generation control system. 

In conjunction with the Electronics 
and Instrumentation Section, a pro- 
totype Power System Disturbance 
Recorder was developed. When 
installed at several stations, it will 
allow the acquisition of disturbance 
data and facilitate the re-creation of 
system events and the calibration of 
system simulation programs. 

Anew relay to protect the stator 
windings of turbogenerators was 
developed and applied at Lakeview 
TGS. It will become the standard for 
all future installations. Inadequacies in 
the coverage of some existing 
impedance-based line relays were iden- 
tified and remedial action was recom- 
mended. Evaluation of protection sys- 
tems for new applications continued, 
with the focus turning to relays for 
protection of series-compensated 
lines. Equipment has been purchased 
and new testing techniques have been 
developed to facilitate the evaluation 
of several relays for series-compen- 
sated line protection. 

Fibre-optic technology vies increas- 
ingly with microwave technology as a 
communications medium. Testing was 
conducted on three different compo- 
site fibre-optic skywires to develop 
standards and to determine their suit- 
ability for future application. Radio 
and television interference continues 
to be an important area of work, anda 
major study of interference from distri- 
bution lines was completed this year as 
part of a Canadian Electrical Associa- 
tion (CEA) contract. The quality of the 
waveform supplied to customers is of 
increasing concern. To facilitate wave- 
form analysis in the field, a Power Har- 
monic Analyzer (PHA) has been devel- 
oped under a CEA contract. 

Electrical transients due to light- 
ning, switching or faults must be con- 
trolled to ensure system-wide security. 
Tests and computer simulations led to 
practical formulas describing the 
surges which stress generators and 
large motors. New models of the mag- 
netic behaviour of transformers were 
developed. Simulations showed that 
arresters bonding high-voltage cable 
pipes to station ground required 
upgrading. Grounding system tests at 
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Merivale TS have led to improved 
grounding design procedures. 


Stations and Underground 


A major project sponsored by the 
Electric Power Research Institute 
(EPRI) is underway to improve the 
reliability of epoxy spacers in gas-insu- 
lated equipment. Six subcontractors, 
located in Europe and in North Amer- 
ica are working with Ontario Hydro 
on arange of failure mechanisms, 
which include partial discharge in 
voids, electrical treeing at epoxy and 
metal interfaces, tracking of surfaces, 
and long-term chemical and thermal 
aging. Considerable progress has been 
made in the factory production of 
spacers with controlled defects and in 
the development of advanced diagnos- 
tic instrumentation. 

To defer the costs of new plant, 
more precise determination of under- 
ground cable ampacities and studies of 
alternative criteria for loading of one 
or more underground cable circuits 
during an outage of a companion cir- 
cuit are being undertaken. Several field 
measurements were performed on the 


115-kV Riverside Junction to Strachan | 


TS circuits. In addition, advanced 
computational techniques have been 
developed for analysis of temperatures — 
in the vicinity of underground cables. 
Anexternal agreement was finalized | 
to manufacture and market the Partial | 
Discharge Analyzer for Hydro Genera- | 
tors (PDA-H). A complete coupler 
installation and servicing package 
was included. Development of this on- | 
line diagnostic instrument, now in 
world-wide use, was sponsored by the | 
Canadian Electrical Association. It is 
credited with annual savings amount- | 
ing to millions of dollars within 
Ontario Hydro alone. The final report| 
onthe PDA-T, a similar instrument for 
use with turbine alternators, has been | 
completed, thereby completing a four-f | 
year project. Further work is required } 
prior to commercialization. 
A five-year EPRI project on the turn! 
insulation capability of large AC mo- | 
tors has been completed and a draft off 
the final report submitted. This study, 
of one of the major causes of motor | 
failures explored the surge environ- 
ment in power stations and factors 
associated with motor insulation 
strength. Recommendations were 
made with respect to quality control 
in motor coil manufacture, cable 
feeder arrangements, and switching _ 
practices. Based on this work, Ontari 
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Hydro is examining its motor 
specifications. 

A great deal of progress was made 
on another ongoing EPRI-sponsored 
project, designed to improve methods 
for predicting the life of motor and 
generator insulation systems. Several 
new types of instruments were devel- 
oped that permit better on-line 
thermal, mechanical, and electrical 
monitoring of rotating machines. In 
addition, a handbook was prepared 
to advise utility maintenance engineers 
on how to evaluate the condition of 
rotating machine insulation. 

A third EPRI project to develop an 
expert system to monitor generator 
condition and performance is pro- 
gressing on schedule. A host utility 
has been selected to test a prototype 
system. 

This year, activities in the transfer 
of induction heating technology to 
Ontario’s industries increased. Semi- 
nars, consultation services, and feasi- 
bility studies on the application 
of various electromagnetic processes 
were provided to several outside com- 
panies and organizations. These pro- 
cesses include induction heating, 
annealing, induction brazing, and 
induction hardening. As well, high- 
rate-of-energy release techniques are 
being adapted for controlled breaking 
of concrete and rock. Research in con- 
trolling shock waves as a function of 
electromagnetic and mechanical 
parameters is being conducted. 


: : 
Shown is performance testing of an AC 
| \device for spacer repositioning in the 
NCANDU reactor. 


Electrical Testing & Development 


Analytical and laboratory tests led 
to significant advances in distribution 
system technology for the enhance- 
ment of the economics, security, and 
safety of Ontario’s distribution plant. 

Application of these advances to 
current problems produced effective 
technical support for operating per- 
sonnel. Included were a comprehen- 
sive arrester application guide for all 
aspects of surge protection, including 
new metal-oxide arrester applications, 
cold-load pickup practices designed 
to preclude excessive outage time, 
user-assisted computer programs to 
facilitate transformer life estimates 
and transient recovery voltage studies, 
and a series of recommendations for 
minimizing underground cable costs 
through improved purchase specifica- 
tions and installation practices. In 
addition, improved equipment designs 
continue to evolve from the develop- 
ment of performance requirements 
and from close liaison with the electri- 
cal industry. Negotiations are ongoing 
with manufacturers to produce and 
market a fault current diverter protec- 
tion device and a device to prevent 
arrester explosions. 

Transmission and distribution 
field and laboratory testing services 
were enhanced to increase diagnostic 
capabilities and further improve oper- 
ational efficiency. In addition, the 
implementation of digital technology 
in instrumentation and data analysis 
systems moved forward. Special 


Tony Griffin (Research), Carl Kropp (Ottawa Hydro) and Richard Morris (Energy 


efforts were made to accommodate 
studies of flashover performance of 
500-kV insulation during critical icing 
and fog conditions. The environmen- 
tal facilities developed for this pro- 
gram are unique to the industry. 


Electronics & Instrumentation 


Recent advances in semiconductor 
technology have had a major impact 
on the design of electronic equipment 
for power systems by providing access 
to the high level of reliability required 
for applications on increasingly com- 
plex electric power systems. 

For example, the Programmable 
Auxiliary Logic Controller (PALC), 
which was designed some years ago to 
replace conventional electromechani- 
cal relays in station protective relaying 
systems, has been upgraded to take 
advantage of the recently developed 
Application Specific Integrated Circuit 
(ASIC) technology. An ASIC has been 
incorporated into PALC which, in ad- 
dition to implementing the functions 
of the original digital input circuitry, 
provides additional redundancy and 
self-diagnostics, thus providing a 
reliability level not achievable with 
conventional integrated circuits. To 
expand the potential applications of 
PALC further, an Analog Input Mod- 
ule is being developed to measure the 
magnitude, frequency and phase of 
voltage and current signals. 

A hand-held recording ammeter 
called the ERA-3 has been developed 
to help Regional marketing personnel 


Management Branch) discuss the application of the ERA-3 to collect load data for 
helping customers optimize their energy usage. 
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collect load-profile data of a commer- 
cial or an industrial customer’s power 
consumption. The data is stored ina 
solid-state memory that can be read by 
a computer and analyzed. Using this 
information, Hydro consultants can 
help customers make efficient use of 
their electrical energy. 

A portable computerized version of 
the Soniscope, an instrument used to 
determine the integrity of hydroelec- 
tric dams and other mass concrete 
structures, has now been completed. 
By using digital signal processing tech- 
niques, the operating range and many 
other characteristics of the instrument 
have been significantly improved over 
the original Soniscope which was 
developed almost 40 years ago. 

A program has been initiated to 
upgrade the facilities of the Electrical 
Standards Laboratory which main- 
tains the Corporation’s standards for 
electrical units such as the volt, am- 
pere, ohm, watt and watt-hour. These 
standards which are all directly trace- 
able to national standards, are used in 
conjunction with precision equipment 
to calibrate other working instru- 
ments, including those which ultimate- 
ly ensure the accuracy of our customer 
billing meters. The upgrade is aimed at 
providing a state-of-the-art facility to 
not only improve the integrity of our 
calibrations, but also the efficiency 
with which they are made. 


Science 


The mission of the Science Section 
is to carry out longer-range research 
using advanced technology to produce 
new inspection techniques and to 
develop new industrial applications 
for advanced electrical technologies. 
For example, the holographic tech- 
nique developed in previous years as a 
method for assessing the integrity of 
small objects has been improved for 
field application and can now be used 
without elaborate vibration-isolation 
equipment. This represents a signifi- 
cant breakthrough. 

An Industrial Laser Laboratory with 
a 1.5-kW CO, laser was established to 
explore the industrial applications of 
high power lasers, such as in the cut- 
ting, welding, and surface treatment 
of metals and ceramics. In addition 
to meeting Ontario Hydro’s internal 
research needs, the laboratory aims for 
technology transfer to Ontario indus- 
try. Laser-based techniques, such as 
laser-based phosphor thermometry 
which allows remote temperature 


Engineers conduct the field testing of 
the newly redesigned Soniscope. 


measurement, were developed. An 
application of this is a prototype rotor 
temperature sensor which was built for 
EPRI to monitor the temperature of 
rotors in turbo-generators for diagnos- 
tic purposes. 

Research activities in support of the 
Corporate-wide Biological Effects 
of Electromagnetic Fields program 
have been substantially expanded. 
Advanced instrumentation and test 
techniques to measure the environ- 
mental impact of electrical and mag- 
netic fields from power lines and to 
evaluate risk hypothesis in the labora- 
tory were developed. This work forms 


part of the recently created research 
collaboration in this area between 
Ontario Hydro, Hydro Québec and 
Electricité de France. 

The discovery of High Temperature 
Super-conductors (HTSC) in 1987 may 
have significant impact on Ontario 
Hydro’s future power system. AHTSC 
Task Force was formed to monitor this 
new development and study potential 
applications. Research in material 
fabrication and characterization was 
carried out in a number of sections. 


The Section has developed a com- 
puter-vision based seam tracker for 
automatic welding which will be incor- 
porated into a system being built by the 
Metallurgical Research Department. 
In addition, the Section has developed 
expert systems in the areas of protec- 
tive coatings and the interpretation of 
eddy current signals, which are used to 
diagnose faults in pipes. Expert sys- | 
tems improve effectiveness by enabling 
others to deal with routine questions 
without the direct assistance of | 
experts. A Robotics and Artificial 
Intelligence Laboratory (RAIL) with 
an Apollo work station is being pre- 
pared for research into autonomous 
robots for use in hazardous environ- 
ments. The benefit to cost ratio from 
having an autonomous robot carry 
out repair or decommissioning work in 
a nuclear environment is enormous. 
The Research Division has joined the 
Pre Competitive Applied Research 
Network (PRECARN), which is a 


Tritium separation requires high-power pulses from a CO} laser system, shown here) 
being adjusted with the aid of a helium-neon laser. 


18 


non-profit company that sponsors 
research into artificial intelligence 
and robotics. 

Separation of tritium and carbon-l4 
from effluents in fission and fusion 
reactors by lasers and by cryogenic 
distillation was examined, and 
preliminary results show that the 
two processes are competitive with 
conventional separation processes. 
Measurement of the fundamental 
parameters required for building a 
pilot plant is underway. The purpose 


4 a 
A Robotic and Artificial Intelligence 
Laboratory has been set up to develop, 
amongst other things, a robotic system 
for use in hazardous environments. 


of this work is to develop new and 
effective disposal options for Hydro, 
and to help the fusion community 
speed the development of an effective 
fusion power source. Selective deple- 
tion of zirconium-9] has been demon- 
strated in experiments using Atomic 
Vapour Laser Isotope Separation 
(AVLIS). The experiments were 
performed in collaboration with the 
National Research Council of Canada. 
AVLIS for zirconium separation is 

of interest because the zirconium 
depleted in zirconium-9] has a lower 
neutron absorption cross-section, 
which allows greater flexibility in 
auclear reactor design. In addition to 
\Sotope separation, the nuclear science 
zroup developed a device able to verify 
uel bundles in the spent fuel bays so 
that Hydro can meet its obligations to 


‘he International Atomic Energy 
\gency (IAEA). 


Jtilization 
| 
| To help Ontario Hydro customers 
jain increased benefit from electrical 
‘ower, the Utilization Section tests 
bind develops more efficient and effec- 
Hive uses of electrical energy. 
) Sixty-five Ontario industries 
»yorked with the Section during the 
ast year to evaluate the usefulness of 
arious electrotechnologies for their 


processes. Some remarkable advan- 
tages were identified through coopera- 
tive testing in the Process Applications 
Laboratory, and as a result, several 
Ontario companies are implementing 
new electrotechnologies to increase 
their efficiency and improve their com- 
petitive position. In addition to this 
type of assistance, basic development 
continues on industrial heat pumps 
and dehumidifiers, advanced ceramic 
processes, and low-temperature 
plasma. 


Ontario industries benefited from cooperative studies with the Utilization Section. 
(Top) This year, product testing led to the installation of a microwave dryer at 

a Toronto ceramics company. The dryer reduces process time from twenty-four 
hours to about eight minutes. (Bottom) Work with an Ontario manufacturer was 
conducted to improve the performance of an innovative heat pump. The upgraded 
appliance has attracted world-wide attention. 


In the residential sector, the empha- 
sis was on space and water heating. Of 
prime importance was the heat pump, 
and work to further develop and popu- 
larize this type of system was carried 
out. Ontario Hydro has developed a 
heat pump which is highly efficient at 
very low outdoor temperatures. In 
addition, researchers have worked 
with industry to achieve a variety of 
new heat pump designs with very low 
winter peak power demands. The per- 
formance of several systems is being 
measured in installations throughout 
Ontario, some in cooperation with the 
Swedish State Power Board. 

Strategic conservation measures, 
such as those provided by the Divi- 
sion’s heat pump research, benefit 
=) 


= 


Ontario Hydro and the Municipal 
Utilities and offer energy consumers 
greater value than other options. 
Other work designed to help cus- 
tomers save energy focused on improv- 
ing window technology, retrofitting 
insulation and improving building 
ventilation. 

Tests in residential and commercial 
ventilation heat recovery for domestic 
hot water production have been con- 
ducted. Results show potential for 
widespread use, especially in commer- 
cial areas. One restaurant demonstra- 
tion won the prestigious American 
Society of Heating, Refrigerating and 
Air Conditioning Engineers award for 
outstanding achievement in energy 
efficiency. 
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MECHANICAL 


The Queenston — Chippawa plant 
(Sir Adam Beck GS #1) at dinner 


time in 1919. 
Manager’s Report products contributing to the improve- mechanical performance requirements 
ment of performance, reliability and for fibre-optic cables to full-scale test- 
The Mechanical Department is a safety of components and mechanical ing of an ll,000 horsepower, primary 
research and development resource processes utilized in Ontario Hydro’s heat-transport pump for Darlington 
which provides technical expertise and overall operation. NGS. In addition, a Senior Research 
experimental and testing facilities Resources include 94 professionals Engineer leads and directs long-term 
related to the mechanical disciplines. and technical support staff. The corporate research needs on the struc- 
The Department is organized into annual operating budget is 8.8 million tural aspects of the transmission and 
four Sections, each with a specific dollars. In 1987, activities spanned distribution systems. 
functional responsibility to deliver areas ranging from the development of The Senior Research Engineer’s 


most important initiative in 1987 dealt 
with aging transmission lines. As the 
age of transmission lines increases, 
with the oldest now past the 80-year 
mark, an investigative program to help 
prioritize lines for refurbishment has 
been initiated. Preliminary investiga- 
tions indicate that outage rates 
increase with line age, making neces- 
sary a major effort to upgrade lines 
that have been in service for 50 years or 
more. Subsequent to these findings, on 
site investigations of sections of older 
lines in the process of being replaced 


Ontario Hydro ts investigating 
the possible use of Concrete 
Integrated Containers for the 
on-site storage, off-site transpor- 
tation, and final disposal of irra- 
diated fuel. The main container 
body, which consists of an outer 
and inner steel plate shell filled 
with high-density and high- 
strength reinforced concrete, can 
hold four standard CANDU fuel 
storage modules. 


MECHANICAL 
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A stress analysis was conducted at Nanticoke on the root of a low-pressure turbine blade. The results of the analysis of the high 
_ stressed areas are shown here (indicated in red) and correspond to the regions where cracks in the root were found. 


for unrelated reasons, were initiated. 
Data on the condition of conductors, 
overhead ground wires, insulators, 

| hardware, towers, and footings are 
being obtained through field inspec- 
tion, sample testing, and in-situ 

| destructive tests on structures and 
foundations. The test program is 
aimed at the identification of mecha- 
nisms and rates of deterioration in dif- 
ferent locations and the development 
of simple techniques of condition eval- 
uation that can be applied in the field. 
The results will help prioritize candi- 
date lines as part of a rational refur- 
bishment program. 


Plant Equipment Dynamics 


Services and research performed by 
this Section focused on improving 
the reliability of plant equipment and 
reducing operating costs. 


During the commissioning of units 
at Darlington NGS and other nuclear 
generating stations, vibration mea- 
surements and analyses performed on 
machinery, process equipment, piping 
systems, and structures contributed to 
the identification and resolution of a 


number of vibration-related problems. 


Similar problems in operating plants 
were investigated and corrected. 

In generating stations, significant 
progress was made in the development 
and implementation of machinery 
condition monitoring systems. These 
systems provide information that 
allows the optimization of plant main- 
tenance. Computer-based vibration 
monitoring systems, with portable 
data acquisition units and software 
customized to meet plant require- 
ments, were implemented in Bruce 
NGS ‘A’, Darlington NGS, and the 
Bruce Heavy Water Plant. In addition, 
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an on-line monitoring and diagnostic 
system, developed for evaluating the 
condition of critical pump sets, was 
installed at Darlington NGS. Signifi- 
cant progress was made toward the 
development of a system for evaluating 
the condition of nuclear and fossil 
plant turbine generators. An EPRI- 
funded research project on condition 
monitoring of hydraulic generators 
was completed with the installation 
of two demonstration units. 

Services were provided in control- 
ling environmental and plant noise. 
High-voltage transmission line corona 
and transformer station noise have 
been investigated. 


Mechanical Testing and Development 


In addition to mechanical and struc- 
tural testing the Section performs seis- 
mic and environmental qualifications 


and conducts studies in tribology, fluid 
mechanics, heat and mass transfer, 
and two-phase flow. 

The safe operation of aerial devices 
is of concern. In practice, this type of 
device is often subjected to a horizon- 
tal load because the conductor is sup- 
ported by the device during line con- 
struction and maintenance operations. 
Thus, aload chart for a Pitman HS-50 
aerial device has been developed that 
ensures that neither strength nor sta- 
bility limits are exceeded under com- 
bined vertical and horizontal loads. 

A related development is a jib-load 
sensing device. The device ensures safe 
operation of bucket trucks and other 
aerial devices under all loading 
conditions. 

Distribution class wood poles are 
being tested in our newly-developed 
fully-automated pole-test machine. 
The results are part of a program to 
compile a data base that will be used to 
formulate a rational and economical 
replacement program. 

The seismic and environmental 
qualification program in support of 
Ontario Hydro’s nuclear program 
continues. Items of electrical and 
mechanical equipment, mostly des- 
tined for Darlington NGS, were tested. 
Various sizes of masonry anchors 
from different manufacturers were 
seismically qualified, and load relax- 
ation tests on masonry anchors were 
completed. 

A CANDU pressure tube may sag 
and make contact with a calandria 
tube if the garter springs are displaced 
from their intended locations. This can 
cause the formation of hydride blister- 
ing and the consequent cracking of 
pressure tubes. Experiments were per- 
formed to measure the temperature 
field and to determine the effect of fret- 
ting in the contact area. This type of 
information is necessary because tem- 
perature gradient is the mechanism 
driving the migration of hydrogen. 

Wear problems were investigated in 
the ball screw in the Bruce NGS ‘B’ 
fuelling machine and in the stopper 
liner in the Pickering NGS steam 
release valves. Lubricants were also 
assessed using ferrography. 


Nuclear Process Components Test 


Facility 


The Nuclear Process Components 
Test Facility’s work program consists 
primarily of providing testing services 
to internal and external clients. 


Seismic tests are being performed to verify that this air conditioning duct can with- 
stand a seismic event without leaking. The air conditioning system, which cools 
critical equipment at Darlington NGS, has ducts designed with special flexible 
joints and is supported on rigid hangers. 


P wf ERS 2 Bessm! i l ~i 
Hot pressurized water flashes into steam and aerosol as it escapes from the nozzle. 
This pressurized-water “blowdown facility” is part of the program for modelling the 
aerosol behaviour of CANDU containment systems. 
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One highlight of 1987 was the con- 
struction, commissioning, and early 
operation of the new ‘PV2’ test facility. 
The purpose of this medium-scale test 
loop is to investigate process unsteadi- 
ness and piping vibration, that can 
occur under conditions of pumped 
two-phase steam-water flow. This sit- 
uation may arise when the primary 
heat-transport circuit loses pressure 
due to a small leak. Results from this 
project will help safety analysts and 
piping designers analyze the depressur- 
ized circuit situation, determine oper- 
ating limits, and assure piping 
integrity. 

Service to external clients included 
the successful completion of a special 
test designed for another Canadian 
utility. This testing program provided 
information which led to the elimina- 
tion of severe noise, vibration, and 
dynamic stresses caused by an orifice 
in the heat transport system. A mock- 
up of part of the system was con- 


An articulated manikin is used in the 
testing of equipment designed to 
protect personnel from falls. 


structed and connected to the main test 
loop for flow testing. The problem 
encountered in the plant was simu- 
lated, and a modified orifice assembly 
was developed. The laboratory test 
program was successful, the field 
application proven, and thus an oper- 
ating limitation has been removed. 


A new area of work is the qualifi- 
cation of components required to per- 
form safety-related control functions 
under harsh environmental conditions 
which could be created by the release 
of either pressurized hot water or steam 
into a power plant. Environmental- 
qualification testing is performed in a 
separate facility equipped with various 
test chambers. During the past year, 
tests were performed on components 
such as solenoid valves, limit switches, 
and terminal boxes. Toward year-end, 
preparations were underway for a 
major steam-environment test of a 
heat-transport-pump circuit breaker. 


Measurements are taken of the energy absorption properties of commercial vibration dampers for transmission lines. Unless 
controlled, wind-induced vibration of conductors and overhead ground lines lead to fatigue and wear of conductors and hardware, 
Which causes increased maintenance and shorter service life. Better knowledge of damper properties is leading to more reliable 


berformance of existing lines. 


23 


Applied Mechanics 


The Applied Mechanics Section 
carries out research and development 
aimed at improving the reliability of 
the structures and equipment that 
make up Ontario Hydro’s power sys- 
tem. In 1987, the Section was active in 
supporting the Corporation’s nuclear 
and thermal generation, transmission, 
distribution, and nuclear waste 
management programs. 

Analysis of zirconium hydride blis- 
ter growth in reactor tubes was one 
important area of study. Build up of 
hydrogen and deuterium in pressure 
tubes can result in the formation of 
brittle deposits. Termed blisters, these 
deposits have an adverse effect on tube 
strength. Mathematical models were 
developed to predict hydrogen trans- 
port, blister growth, and to indicate 
the useful life of tubes under a variety 
of service conditions. 

Construction has begun on a labora- 
tory where pressure tests will be per- 
formed on large vessels and piping 


The vibration resistance and the mechanical properties of a novel overhead ground wire with a glass fibre optic core for use on 


| 


components. The facility is so 
designed that tests can be continued 
safely to the point of failure. The facil- 
ity will be used to study the behavior of 
pressure vessels in extreme loading sit- 
uations. 

The Section is involved in the devel- 
opment of safe methods of transport- 
ing nuclear waste and performs tests 
on prototype containers. In 1987, a 
cask for road transportation of irradi- 
ated fuel, and packages for transport- 
ing operating wastes were tested. 

Ontario Hydro is reviewing the fea- 
sibility of installing special ground 
wire cables on its transmission towers; 
these cables contain a bundle of optical 
fibres. The optical fibres, which are 
entirely immune from electromagnetic 
interference, can be used for telecom- 
munications. The Applied Mechanics 
Section has built an experimental rig 
to evaluate the reliability of fibre- 
equipped cables under simulated 
service conditions. Cables from 
various manufacturers are currently 
under test. 


high-voltage transmission lines are under study. 


Personnel observe drop tests of s 
models of steel concrete casks 
performed to obtain data for the 
development of scaling parameters. 


USS 


cale 
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Manager’s Report 


The Metallurgical Research Depart- 
ment provides a resource comprising 
specialized facilities and advanced 
knowledge in physical metallurgy, 
materials science, and nondestructive 
testing. The work of the Department 
was dominated in 1987 by projects 
designed to meet the objective of 
maintaining the reliability of Ontario 
Hydro’s CANDU nuclear units. 

Hydrogen uptake by zirconium 
alloy pressure tubes is a life-limiting 
process. Corrosion processes, believed 
to be a major contributor to hydrogen 
uptake, were the subject of extensive 
study. Similarly, studies of the effect 
of hydride on the integrity of pressure 
tubes continued, particularly in the 
areas of delayed hydride crack initia- 
tion and growth, and blister forma- 
tion. Other work impacting on fuel 

channel performance included defor- 
mation experiments and research into 
the limitations and applicability of 
“nondestructive testing techniques for 
defect detection and evaluation. 


METALLURGY 


Manager 
Dr. J. Brown 


Senior Research Engineer 
Dr. M.P. Dolbey 


Corrosion & Tritium 
Technology 
Dr. P.C. Lichtenberger 


Materials Integrity 
Dr, RG, Fleck 


Metallurgy 
Dr. W.H.S. Lawson 


Nondestructive & Fracture 
Evaluation 
Dr. J.A. Baron 


METALLURGICAL 


Other components of nuclear gener- 
ating plant also received attention. 
Tube corrosion under sludge deposits 
is the most significant cause of failure 
in nuclear steam-generators world- 
wide; thus, the Research Division pro- 
gram focuses on the tube-sheet region 
of CANDU steam generators. In addi- 
tion, fracture mechanistic studies 
showed that, if failure did occur in the 
large-diameter heat transport piping, 
it would be by a leak-before-break 
mode rather than by a catastrophic 
one. This finding contributed in part 
to the licensing of the Darlington 
Nuclear Generating Plant. 


Research addressing the current 
needs of thermal plants centred in life 
assessment. Techniques for interpre- 
tation of microstructural changes that 
occur in key components operating at 
high temperature were developed and 


/ 
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“Paying-out” power cable in 1921. 


used at Lakeview TGS. A project sup- 
ported by the Canadian Electrical 
Association on robotic weld repair 

of hydraulic turbine runners saw 

the commissioning of a robot and 
advances in system software for 
automated welding. 

Significant transfer of technology 
occurred, particularly in areas associ- 
ated with tritium handling. Further- 
more, the Department continues to 
provide a problem-solving service in 
the materials area, and a variety of 
problems involving failure analysis 
and corrosion were addressed. Gen- 
eral consulting services and support 
for the development of a number of 
industry standards were maintained. 

The Department’s Senior Research 
Engineer continued his close colla- 
boration with the Nondestructive 
Evaluation (NDE) Unit to further 
develop techniques and equipment for 


taeda 


In-situ metallography is being performed to assist in determining the remaining life 
of a turbine-loop pipe-weld at Lakeview TGS. 


the assessment of the condition of zir- 
conium alloy pressure tubes in 
CANDU nuclear reactors. 

To ensure the use of defect-free pres- 
sure tubes, optimal manufacturing 
inspection is required. The record is 
good, but operational experience indi- 
cates room for improvement. Thus, 
work is underway in cooperation with 
the Nuclear Generation Division, 
Atomic Energy Canada Limited 
(AECL), and various tube manufac- 
turers to identify and implement 
improved inspection equipment and 
procedures. These were used for 
inspecting tubes intended for use in 
the Darlington NGS Unit 4 reactor. 

A study of inspection signatures from 
acceptable new tubes was undertaken 
to determine their impact on interpre- 
tation of in-service inspection results. 

There is a need for a nondestructive 
method of measuring the amount of 
hydrogen that exists in pressure tubes. 
A method developed by the Depart- 
ment’s Materials Integrity Section is 
encouraging and is being adapted for 
use in our reactors. 


Since the Channel Inspection and 
Gauging Apparatus for Reactors 
(CIGAR) system was conceived, the 
extent and the method of inspection 
techniques have changed radically. 
Consideration is now being given to a 
new inspection system able to operate 
independently of the main components 
of a reactor’s fuel handling system. 


Metallurgy 


In 1987, the Metallurgy Section 
initiated a major technology advance- 
ment through work on the robotic 
repair of hydraulic turbine runners. 
The project was performed in collabo- 
ration with the Institut de recherche 
d’Hydro-Québec and was funded by 
the Canadian Electrical Association. 
The robot has now been commis- 
sioned and is able to weld. More 
important is that the technology 
secured advances in system software, 
which include concepts of artificial 
intelligence and self-programming. 

Among other applications, pulsed- 
gas metal-arc welding, which is the 
process of choice for turbine runner 
repair and for automated and manual 
pipe welding, has been the target of an 
intense reliability improvement pro- 
gram. Several types of characteristic 
defects were identified and the practi- 
cal limits of the process defined for 
critical applications, such as in temper- 
bead welding. 


The Section plays a central role in 
the development of the Corporation’s 
welding standards. This is done by 
carrying out qualification testing and 
by arranging regulatory approvals for 
all standard welding procedures. 

As a major centre for development 
of welding technology for spent 
nuclear fuel containment, the Section 
completed process definitions for all 


In cooperation with researchers at IREQ, and with co-funding support from the 


CEA, a portable, compact robotic system is under development for the in-situ 
repair of cavitation damage in hydraulic turbine runners. 


26 


container designs and materials cur- 
rently under study. 

Through its work on metallurgical 
failure analysis, the Section plays 
a major role in problem solving. 
Diagnosis of fatigue cracking of the 
moderator recirculation pipework at 
Pickering NGS Units 5 to 8; remedia- 
tion of cell connector and cover defects 
in station batteries; discovery of a 
widespread quality problem in the 
manufacture of fuel injection nozzles 
of gas turbines on emergency genera- 
tors; definition of a remedial program 
for flange stud fractures at the Bruce 
Heavy Water Plant; and evaluation of 
the condition of preemptively removed 
steam generator tubing were items 
dealt with during the past year. 

The Section continues to give deci- 
sion support in life assessment of fos- 
sil-fired generating units. Metal- 
lography based on replication offers 
the only nondestructive means of 
determining the status of components 
operating in the creep (high tempera- 
ture) regime. For example, assessment 
work continues at Lakeview TGS. All 
the replication done in the field at 
Lakeview is now complete. Labora- 
tory analysis of data obtained from 
Units 4 and 7 is in progress, while that 
for Unit 1 is complete. Life assessment 
evaluations have been performed on 
samples of boiler and condenser tubing 
that were removed preemptively. 
Whereas most components were in 
good condition, decisions regarding 
their replacement may become neces- 
sary in the near future. 

Frequent failures of aluminum 
castings, invariably attributable to 
poor alloy selection orunacceptable _ 
foundry practice, led to the develop- 
ment and completion ofalaboratory | 
investigation of the problem. Dra- | 
matic improvements in the properties 
of small laboratory castings were dem- | 
onstrated to be the result of merely 
careful attention to alloy and process 
control within normal working 
ranges. Client acceptance of this 
demonstration has been excellent. As 
of year end, a client-funded demon- 
stration of our recommended practices 
is being carried out under our supervi-, 
sion in a local commercial foundry. 


Corrosion and Tritium Technology 


Corrosion of zirconium alloy 
pressure tubes and their subsequent 
hydrogen uptake provided a major 
area of study for the Corrosion and 
Tritium Technology Section. The life | 
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Strong aluminum castings with vastly 
superior ductility and fracture tough- 
ness properties were produced through 
cooperative research with Brampton 
Foundries. 


of nuclear reactor pressure tubes is 
directly related to the rate of hydrogen 
uptake. The principle source of this 
hydrogen is believed to be associated 
with the waterside corrosion process. 
Thus, a program is underway to quan- 
titatively establish the influence of the 
key parameters of temperature, water 
chemistry, oxide characteristics, sur- 
face condition, and alloy and impurity 
effects. Both normal and accelerated 
testing are being used. To simulate the 
end-of-life condition of oxides on reac- 
tor pressure tubes, thick oxides, grown 
artificially on test coupons, have been 
produced and installed in fuel bundles 
in several CANDU reactors to gener- 
ate a base of reactor-relevant data. 
Detailed characterization of the 
oxide, the metal-oxide interface, and 
the bulk alloy allows correlation of the 
results of parametric exposure testing 
and of corrosion and hydrogen uptake 
measurements. Intermetallic forma- 
tion, other reactor operation-induced 
microstructural changes, and the 
development of oxide porosity, crack- 
ing, and spalling are being studied to 
establish rate controlling processes for 
the hydrogen uptake mechanism. 
Predictive modelling based upon 
parametric functional relationships is 
under development. Predictions have 
already been generated to assist the 
planning of Repositioning of Endfit- 
_ tings and Bearings (REFAB) and 
Spacer Location and Repositioning 


A uranium-hydride storage bed has been developed for the temporary storage of 


tritium at Darlington NGS. Using three kilograms of depleted uranium, the beds 
have a rated storage capacity of 52 grams (500 RC1) of tritium. 


(SLAR), and the making of decisions 
to retube. 

Corrosion of nuclear heat exchang- 
ers and steam generator tubing pro- 
vides another fertile area of inves- 
tigation. Heat-exchanger test rigs are 
in operation at the Pickering and 
Darlington Nuclear stations to study 
localized corrosion initiation and 
propagation effects using Lake Onta- 
rio water as a function of tube deposit 
buildup, microbiology, and tube mate- 
rial. The rigs facilitate realistic testing 
of remedial measures, which include 
chemical cleaning and biociding. 
Laboratory immersion and electro- 
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chemical simulation tests are used to 
gain further understanding of corro- 
sion degradation processes. Initiation 
probability and propagation rates in 
lakewater have already been deter- 
mined for a number of alloys in current 
use. 

In pressurized water reactors, steam 
generator tubing is susceptible to stress 
corrosion cracking, localized corro- 
sion under sludge deposits, and corro- 
sion fatigue. To predict the susceptibil- 
ity of CANDU to these mechanisms, 
exposure testing using laboratory sim- 
ulations is being carried out to estab- 
lish a data base applicable to CANDU 
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operating variables. Temperature, 
alloy heat treatment, and water chem- 
istry are considered key factors. 

Tritium technology is another 
significant interest of the Section. A 
hydrogen pump, which relies on the 
permeation of atomic hydrogen 
through bilayer metal membranes, has 
been developed. This equipment 
features high pumping rates at high 
compression ratios. A potential com- 
mercial application is to fusion reactor 
systems which are required to pump 
tritium and to purify fuel and exhaust 
streams. The concept is also being 
tested as a diagnostic probe on the 
TEXTOR tokamak to measure hydro- 
gen fluxes under various operating 
conditions. 

The safe management of tritium 
requires that it be stored under well- 
controlled conditions. Metal getter 
research has progressed sufficiently to 
permit efficient immobilization of tri- 
tium on uranium and zirconium-iron 
beds. High performance, doubly-con- 
tained storage beds of 25g and 3,000 g 
size were designed, constructed, and 
tested to measure hydriding rates 
under a variety of conditions. The 


3,000 g beds were commercialized and 


installed at the Darlington Tritium 
Recovery Facility (TRF). The tech- 
nology also has commercial potential 
for processing fusion reactor exhaust 
systems and for purifying inert gas 
glovebox environments. 

Technical support to the Darlington 
TRE included leak testing calibration, 
tritium monitor testing, and assistance 
with operating manual documenta- 
tion. Final operational commissioning 
of the tritium immobilization system is 
underway. Consultation services have 
been made available to the University 
of Rochester and to Hydro’s own Tri- 
tium Application Program. 


Materials Integrity 


The Materials Integrity Section has 
been extensively involved in the study 
of delayed hydride cracking, pressure 
tube fracture, and the effects of irradi- 
ation on the deformation performance 
of standard and modified pressure 
tubes. 

Studies on the influence of hydrides 
on pressure tube performance focused 
on delayed hydride crack initiation 
and growth, and on blister formation 
and cracking. Of significance is the 
development of a probabilistic model 
that is able to assess the state of the 


core of a reactor with respect to blister 
formation and cracking that may be 
initiated when pressure tube-to-calan- 
dria tube contact occurs. This work 
has been accepted as a key predictor of 
the occurrence of blister problems in 
Pickering NGS Units 3 and 4. Further 
work in this area evaluated the move- 
ment of hydrogen under fret marks 
which developed in the commissioning 
of Pickering NGS Unit 8. It was 
demonstrated that hydrogen moves 
away from these marks. From this 
observation, the Atomic Energy Con- 
trol Board deferred tube removal to 
permit hydride distribution at fret 
marks to be established. 

In the evaluation of pressure tube 
integrity, a key factor is knowledge of 
the hydrogen concentration in the 
tubes. A technique for the nondestruc- 
tive in-situ measurement of hydrogen 
concentration has been developed in 
the laboratory. Hydrogen concentra- 
tion is determined by detecting 
changes in resistivity with temperature 
variation; the phenomenon has been 
successfully demonstrated in small 
specimens and on a section of a pres- 
sure tube. 

Irradiation growth tests on pressure 
tube materials continued in the DIDO 
reactor at the Atomic Energy Research 
Establishment at Harwell, UK because 
the neutron flux in this reactor is high- 
er than in the CANDU. Test specimens 
inthe DIDO reactor have exceeded the 
neutron fluence of pressure tubes in the 
CANDU reactor with the longest ser- 
vice. Power reactor deformation data 
have been analysed and compared 
with the predictions of design equa- 
tions. Of particular importance was 
the modelling of pressure tube-to- 
calandria contact in relation to the 
time-to-contact and the location of 
the contact. 

In support of safe reactor opera- 
tions, a program to establish handling 
criteria of partially oxidized fuel clad- 
ding has been carried out. The 
mechanical strength of the cladding 
was established by post-oxidation 
tensile tests at ambient temperatures 
and by biaxial deformation during the 
oxidation process. These criteria will 
be used to inform operations staff 
about the potential risk of fuel clad 
failure when handling partially oxi- 


dized fuel cladding. 


Nondestructive and Fracture 
Evaluation 


Fracture mechanistic studies were 
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used extensively in the Darlington 
NGS leak-before-break project. The 
objective was to demonstrate that 
large-diameter, primary heat-trans- 
port piping would, if subject to failure, 
fail in the leak-before-break mode 
rather than in the sudden guillotine or 
other mode. This program encom- 
passes significant elements of material 
testing with an emphasis on weldments 
and zones affected by heat, and analyt- 
ical elastic-plastic fracture mechanics. 
The project has generated excitement 
on an international scale, primarily in 
Japan and the United States. If this 
project had failed to realize its objec- 
tive, the licensing of the Darlington 
station would have been jeopardized. 


Work in the Nondestructive Evalua- 
tion Unit was directed at fuel channel 
inspection capability. The Unit had 
significant involvement in the Package 
Inspection Probe for Rolled Joint Eval- 
uation (PIPE) project which in one 
week was successfully commissioned 
and utilized to inspect 110 rolled joints 
in Bruce NGS Unit 2. Work on the 
Pickering version of PIPE has been 
extended to allow rapid inspection for 
the location of garter springs and blis- 
ters. Significant assistance has been 
provided to Central Nuclear Service 
to upgrade Channel Inspection and 
Gauging Apparatus for Reactors 
(CIGAR) capability. This has involved 
integration of a computer, an optical 
disc, and new software, which replace 
the original gauging system and the 
flaw detection data system. Further 
development of curved-line focused 
probes for the SLAR system has been 
undertaken. 


Other fuel channel-related activity 
has been aimed at investigating variou 
approaches to hydride platelet con- 
centration measurement and the esti- 
mation of blister crack depths. 

A technique for hydride platelet mea- 
surement readily adaptable to fuel 

channels has not yet been discovered, 
but the application of scanning acous 
tic microscopy looks promising. 


Ultrasonic crack tip diffraction sig: 
nals have been processed according t¢ 
time of flight, and in thick pressure 
boundary material, synthetic apertut 
techniques yield excellent estimates ¢ 
defect position and size. This advanc 
ment is essential in the fitness-for- 
purpose analysis of pressure bounda 
components as it enables reasonable 
precision in the sizing of defects. i 
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Manager’s Report 


The Department provided ongoing 
services to numerous Corporate 
clients. The client base and the range 
of services has been expanded in the 
areas of operations research, statistics, 
and power system reliability. Special- 
ized computer support services were 
provided to research staff. 


Operations Research 


Operations Research (OR) is a label 
coined in WW II to describe the scien- 
tific analysis of military operations. 
Since then, the term has been widely 
used in business, industry, and govern- 
ment. For over 30 years, the services of 
operations researchers have provided 
clients in Ontario Hydro with practical 
and cost-effective solutions to a variety 
of problems. In 1987, the OR Unit 
focused its efforts on operational effi- 
ciency enhancement for clients. Dur- 
ing a year marked by significant diver- 
sification in areas of applications, it 
has provided problem-solving services 
and has developed decision support 
systems for ten Hydro Divisions. In 
anticipation of the needs of the Corpo- 
ration, the OR Unit continued to 
enhance its capability in expert sys- 
tems with the development of two 
_ prototypes: one for a signing authority 
register, the other for literature 
searches. 

The Computer Support Unit 
_ continued to provide specialized pro- 

_ gramming and consulting services to 

_ the staff of the Research Division. The 
Unit also increased its efforts in the 

| research, evaluation, and introduction 
_ of new computer technologies. In 
1987, a workstation designed to run 
true three-dimensional Computer- 

| Aided Design and Drafting applica- 

| tions was evaluated and acquired. 
Facilities were purchased and installed 


OPERATIONS RESEARCH 


Mi 


scheduling problem. 


for desk-top publishing and presenta- 
tion graphics. To enhance file transfer 
and sharing of resources, a local area 


OPERATIONS 
RESEARCH 


Manager 
Mr. J.G. Cassan 


Operations Research 
Dr. A.H. Chung 
Reliability & Statistics 
Dr. J. Endrenyi 
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Operations Research personnel discuss how a micro 


A scene from the Hydro Shop 
of the London Public Utility 
Commission in 1944. 
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computer might resolve a 


network was acquired for the com- 
puter room. The Research Division’s 
Integrated Computing Environment 
(ICE) Planning Project was success- 
fully completed under leadership pro- 
vided by the Section. The recommen- 
dations of the ICE Planning Project 
were endorsed by the Research 
Executive. 


Reliability and Statistics 


For many years, the Reliability Unit 
of the Section has been involved with 
the development of mathematical 
models of system reliability and their 
applications. The aim of this work is to 
assist Hydro’s planning, operating, 
design, and maintenance functions. 
Typical projects undertaken by the 
Unit this year were the development of 
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Our highly skilled statisticians are always ready to resolve client problems. 


a much needed method for estimating 
confidence bounds for a Monte Carlo 
simulation program used by the Power 
System Operations Division and a reli- 
ability assessment of the control and 
operating facilities to be installed at 
the new System Control Centre at 
Clarkson. 

Reliability Unit staff have earned 
an international reputation through 
publications and participation in com- 
mittees and conferences. This year, 
staff gave seminars in China and Israel, 
and participated in a workshop spon- 
sored by the National Science Founda- 
tion. Staff participated in a CIGRE 


project which produced an application 
guide for power system reliability 
analysis. 


The Statistics Unit was formed 
several years ago when a Corporation- 
wide need for expert assistance in data 
collection and evaluation was per- 
ceived. Such assistance appeared to be 
most welcome when interpretations 
had to be made of data that were 
scarce, interrelated, dispersed, or even 
contradictory. The Unit’s reputation is 
now well established both inside and 
outside the Division. 

Studies, typical of the diversity of 


projects taken up by the Unit, include a 
proposal for a national sampling plan 
for revenue meters, which was devel- 
oped under a Canadian Electrical 
Association contract; a statistical 
evaluation of the error in estimates of 
reactor channel powers; a forecast of 
Niagara River flows; the identification 
of relationships among performance 
and cost indicators for all sources of 
energy production; and the estimation 
of hot water system sizes for multi-resi- | 
dential buildings. In addition, assisting © 
clients through informal consultations | 
continued to be a daily part of the 

Unit’s activities. 


The Divisional Services department 
provides support to the whole Divi- 
sion. These services include report 
production; business administration; 
financial reporting; records, space, 
and safety management; printing and 
clerical services; model shop produc- 
tion; drafting; photography; payroll; 
and editorial services. 

This year a Strive For Excellence 
Program was initiated. The vision 
statement is as follows: “We intend to 
be an excellent service unit that helps 
the Division to do its work better. 

We strive for excellence in service to 
our customers through the 
commitment and the abilities of our 
people.” The four values of the Strive 
For Excellence Program are excellent 
performance, customer satisfaction ‘ 
respect for people, and reasonable ser- 
vice costs. Highlights of the program 
included a one-day seminar for section 
heads, publication of a services and 
standards manual, recognition for 
extraordinary performance, emphasis 
on employee safety, the use of rota- 


tions for staff development, better staff 
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DIVISIONAL SERVICES 


communications, and better moni- 
toring of costs. 

The Department’s capability was 
extended, notably in the Model Shop 
and Drafting Office. New machines 
have enabled theModel Shop to pro- 
duce higher quality work and to con- 
currently improve productivity. The 
use of computer-aided drafting has 
increased drafting productivity. In 
addition, the photography section is 
upgrading its capability, particularly 
in video recording techniques. 


The Integrated Computing Environ- 
ment Planning Project was completed 
and Divisional Services is now super- 
vising its implementation. The aim of 
this project is to link computers and 
other electronic equipment through- 
out the Division. The capabilities of 
researchers will be enhanced by 
improving client interactions, by 
allowing access to more comprehen- 
sive decision-making information, and 
by allowing new work to be under- 


Prototyping nuclear inspection heads at the Research Machining Facility. 
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In May 1944, Hydro officials 
check a washing machine 
converted to operate on 60-Hertz 
service as part of the Frequency 
Standardization Program. 


taken that was not previously econom- 
ically feasible. Costs will be reduced by 
electronic storage of information, 
sharing hardware and software, 

and more cost-effective information 
processing. 

Other highlights were the pro- 
duction of the Research Division’s 
Business Plan and the development of 
a plan to improve the Divisional man- 
agement of records. The Drafting 
Office and the Photography Section 
made major contributions to the Divi- 
sion’s 75th Anniversary celebration 
though the provision of artwork and 
photographs, which were used 
throughout the Division. 

The Model Shop utilized their new 
capabilities to make a notable contri- 
bution to the Spacer Location and 
Repositioning (SLAR) program by 
successfully undertaking the produc- 
tion of 50 high-performance coils for 
fuel-channel spacer relocation, there- 
by permitting Ontario Hydro to meet 
all AECL’s scheduling requirements. 


RESOURCES AND COSTS 


At the end of 1987, the Division’s personnel resources 
consisted of a total regular staff of 649. The percentages of 
funds allocated to major work programs, the application 
of staff in various categories of work (Divisional Services 
Department excepted), and the distribution of staffin broad 
occupational classes are shown below. 

The total of all costs, including those for space, materials 
and equipment for work done by the Research Division in 
1987 was approximately $57.6 million. 


Costs were met or allocated as follows: 

Revenue from work done for other organizations $ 4.4M 
Transfers to other Ontario Hydro Branches $27.5M 
Transfers to the Cost of Power $25.7M 


Research Division Programs for 1987 — 
Proportions by Actual Gross Costs 


@ General Research Programs 

O Utilization 

O Electric Power Systems 

@ Transmission Systems 

O Distribution Systems 

© Nuclear Generation 

O Nuclear Waste 

O Thermal and Hydraulic Generation 
O Environmental 


Proportions of Total Salary Costs for 
Various Categories of Work 


O Testing 

O Consultation 

@ Technical Investigation 

Research & Development, Present Needs 
O Research & Development, Future Needs 
B General 


Occupational Classification of 
Research Division Staff 


O Management & Professional 


® Technicians & Technologists 
@ Support Staff 


a eat ) 
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PRESENTATIONS 


Abdul-Razzak, A., Chan, A.M.C., and Shoukri, M. 
“Modelling Aspects of the Rewetting of Horizontal Tubes”, 
Second Workshop on Advanced CANDU Reactor 
Thermalhydraulics, October 1987, Hamilton, Ontario. 


Amm, D.E.: see Bellamy, G. et al. 


Anderson, H.L., and Forest, J.W. 

“Vibration Monitoring of Heat Transfer Equipment and Piping 
Systems in Operating CANDU Stations”, International 
Conference on CANDU Maintenance, November 22-24, 1987, 
Toronto, Ontario. 


Anyas-Weiss, N. 
“Enrichment and Utilization of C-14”, University of Toronto, 
May 6, 1987, Toronto, Ontario. 


Arora, H.S.*: see Dayal, R. etal. 


Arron, G.P. 

“Effect of Trunk Injection of Growth Regulators on Silver Maple — 
Second Year Data”, Second Annual Tree Growth Regulator 
Symposium, March 9-12, 1987, Destin, Florida. 


Ash, P.O.: see Chan, H.T. etal. 


Azizian, H., and Braun, J.M. 

“Gas-in-Oil Analysis as an Acceptance Criterion during 
Transformer Factory Overload Testing”, CEA Engineering and 
Operating Division Meeting, March 23-24, 1987, Vancouver, 
British Columbia. 


“Analysis of Trace Byproducts from Overheated Paper Insulation 
in Power Transformers”, CEA Engineering and Operating 
Division Meeting, March 23-24, 1987, Vancouver, British 
Columbia. 


Balbaa, I., Chu, F.Y., Greening, F., Mannik, L., and Mayer, P. 
“Characterization of High Temperature Superconductor 
YBA2Cu307 and SmBaz2Cu307”, University of Western Ontario 
Workshop on High Temperature Superconductor, September 11, 
1987, London, Ontario. 


Bellamy, G., Nashid, M.S., and Amm, D.E. 

“Failure of Hardware ona key 345 kV Span Across the St. Clair 
River”, CEA Engineering and Operating Division Meeting, March 
23-24, 1987, Vancouver, British Columbia. 


Bernstein, B.S.*: see Stone, G.C. etal. 


Boag, J.M., and Flaman, M.T. 

“Comparison of Hole Drilling Residual Stress Analysis 
Techniques”, Society of Experimental Mechanics Spring 
Conference, Houston, Texas. 


Boag, J.M., Flaman, M.T., and Herring, J.A. 

“Considerations of Using the Hole Drilling Method for Measuring 
Residual Stresses in Engineering Components”, American Society 
of Metals Conference: Residual Stress in Design, Process and 
Material Selection, April 27-29, 1987, Cincinnati, Ohio. 


‘Boeck, W.*: see Wiegart, N.* et al. 
Boggs, S.A.: see Fujimoto, N. and Wiegart, N.* et al. 


Boyd, J.M. 

“Monitoring for Predictive Maintenance in Hydropower 
Plants-Experience and Conclusions”, Fourteenth Inter-Ram 
Conference, May 27-28, 1987, Toronto, Ontario. 
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* denotes other than Ontario Hydro employee 


Boyd, J.M., and Koehler, H.P. 

“Monitoring for Predictive Maintenance: A Recommendation for 
Hydropower Plants”, CEA Engineering and Operating Division 
Meeting, March 23-24, 1987, Vancouver, British Columbia. 


Braun, J.M. 
“Leak Detection for Nuclear Containment”, CANDEV 
Symposium, January 12, 1987, Mississauga, Ontario. 


“Effects of Thermal Envelope Upgrading on Electrical Wiring 
Systems”, ASTM Symposium on Insulating Materials, Testing and 
Applications, December 6, 1987, Bal Harbour, Florida. 


see also Azizian, H.; Chu, F.Y.; and Zeya, M. et al. 
Brede, C.K.*: see Lloyd, B.A. et al. 
Brinkley, J.W.: see Sulowski, A.C. 


Brown, D. 

“Growth of Stump Sprouts on a Simulated Right-of-Way”, Fourth 
Symposium on Environmental Concerns in Rights-of-Way 
Management, October 25-28, 1987, Mississippi, USA. 


Brown, S.K.: see Mannik, L. etal. 
Campbell, S.R.: see Mannik, L. etal. 
Carey, W.E.: see Griffiths, J.S. et al. 


Causey, A.R., Woo, C.H., and Holt, R.A. 

“The Effect of Intergranular Stresses on the Texture Dependence of 
Irradiation Growth of Zirconium Alloys”, International 

Workshop on Fundamental Mechanisms of Irradiation Creep and 
Growth, June 1987, Hecla, Manitoba. 


Cenanovic, M., Ng, M., Lee, J., and Malkiewicz, T. 

“Rolled Joint Separation by Shock Heating”, International 
Conference on CANDU Maintenance, November 22-24, 1987, 
Toronto, Ontario. 


Chadha, J.A., and Strickert, R.J. 

“Assessment of Plant Life Extension and Long-Term Reliability 
Assurance Issues for Ontario Hydro’s Nuclear Generating 
Stations”, Twenty-seventh Annual Conference of the 

CNA/ Eighth Annual Conference of the CNS, June 14-18, 1987, 
St. John, New Brunswick. 


Chadha, J.A., Daly, I.N., and MacTavish, B.D. 

“Nuclear Plant Life Assurance Program for Ontario Hydro’s 
Nuclear Generating Stations”, International Conference on 
CANDU Maintenance, November 22-24, 1987, Toronto, 
Ontario. 


Chan, A.M.C.: see Elphick, I.G.; Abdul-Razzak, A. etal and 
Lam, T. etal. 


Chan, H.T., and Cragg, C.B.H. 

“Geotechnical Challenges Associated with Increasing the Storage 
Capacity of a Coal Ash Lagoon”, Eighth International Coal Ash 
Utilization Symposium, October 28-31, 1987, Washington, DC. 


Chan, H.T., Sykes, J.F.*, and Ash, P.O. 

“Computer-Aided Design Approach for Fly Ash Landfills”, Eighth 
International Coal Ash Utilization Symposium, October 28-31, 
1987, Washington, DC. 


Chengji, L., Perovic, V., and Purdy, G.R. 

“Observations of the Bainite / Austenite Interface in Steels”, Phase 
Transformations 87 — International Conference on Phase 
Transformations in Solids, July 6-10, 1987, Cambridge, England. 


Cherney, E.A. 

“The Electrical Performance of Polymeric Insulating Materials 
under Accelerated Aging in a Fog Chamber”, IEEE PES Winter 
Meeting, February 1-6, 1987, New Orleans, Louisiana. 


“Long-Term Mechanical Life Testing of Polymeric Post Insulators 
for Distribution and a Comparison to Porcelain”, IEEE Summer 
Power Meeting, Paper # 87 SM 551-5. 


Chisholm, W.A., and Janischewskyj, W.* 

“Rationalization of Lightning Flash Counter Measurements”, Fifth 
International Symposium on High-Voltage Engineering, August 
24-28, 1987, Braunschweig, West Germany. 


Cho, H.R.*, Iribarne, J. V.*, Soong, $.T.*, and Melo, O.T. 
“An Eulerian Model of Long-Range Transport of Air Pollutants 
and Acid Rain”, Technology Transfer Conference, November 
30-December 1, 1987, Toronto, Ontario. 


see also Melo, O.T. et al. 
Chow, C.K.: see Manolescu, A.V. etal. 


Chu, F.Y. 

“Tracking Resistance and Arc Degradation Resistance of Epoxy 
Insulators in GIS”, IEEE Insulation Society Toronto Chapter, 
April 29, 1987, Toronto, Ontario. 


“Applications of High Transition Temperature Superconductivity 
Materials in Electric Power Systems”, NRC Superconductivity 
Industrial Meeting, April 30, 1987, Toronto, Ontario. 


“Thermal Efficiency of 80-kW DC Plasma Torch’, Eighth 
International Symposium on Plasma Chemistry, August 31, 1987, 
Tokyo, Japan. 


“An Investigation of the Product Gases Formed by Coal Powder 
and Steam Injection in Plasma Flame”, Eighth International 
Symposium on Plasma Chemistry, August 31, 1987, Tokyo, 
Japan. 


“Recent Developments in High Temperature Superconductivity”, 
CEA Engineering and Operating Division Meeting, October 19, 
1987, Edmonton, Alberta. 


“The Material Aspect of Gas Insulated Equipment: Aging, 
Decomposition and Diagnostics”, Fint Brazilian Electrical 
Material Seminar, December 1-4, 1987, Cuntiba, Brazil. 


see also Balbaa, I. et al. 
Clinton, J.*: see Dayal, R. etal. 


Colman, J.E.*, Kalia, R., and Dodd, D.J.R. 
“Electrochemical Synthesis of Ethylene Glycol — Design of a 12 
kg/h Pilot Plant”, First International Forum on Electrolysis in the 


Chemical Industry — Synthesis and Pollution Control, November 
11-13, 1987, Deerfield Beach, Florida. 


Cragg, C.B.H., and Krishnasamy, S.G. 

“Probabilistic Analysis of Transmission Tower Foundations in 
Clay”, Fifth International Conference on Applications of Statistics 
and Probability in Soil and Structural Engineering, May 25-29, 
1987, Vancouver, British Columbia. 


see also Chan, H.T. etal. 


* denotes other than Ontario Hydro employee 


Crawford, A.M., Radhakrishna, H.S., and Lau, K.C. 

“A pplication of Integrated Finite Difference Technique to Heat 
Transfer Through Unsaturated Particulate Media”, Fifth 
International Conference on Numerical Methods for Thermal 
Problems, June 29 — July 3, 1987, Montreal, Quebec. 


Croall, S.J.: see Fujimoto, N. etal. 
Csillagi, E.G.: see Manolescu, A.V. et al. 


Currie, I.G., Havard, D.G., and Pon, C.J. 

“Literature Survey on Aeolian Vibration Excitation of Bundled 
Conductors”, CEA Engineeering and Operating Division Meeting: 
Conductor Vibration and Oscillation Subsection, March 23-24, 
1987, Vancouver, British Columbia. 


Daly, I.N.: see Chadha, J.A. et al. 
Dalziel, B.P.: see Krasznai, J.P. et al. 


Dayal, R. 

“C-14 Attenuation in Cement-Based Materials”, Ontario 
Hydro/ AECL Workshop on C-14 Research, November 1987, 
Chalk River, Ontario. 


Dayal, R., and Klein, R. 

“CO>/Grout Interactions and their Relevance to C-14 Attenuation 
in Cementitious Backfill Materials”, International Conference on 
Chemistry and Migration Behaviour of Actinides and Fission 
Products in the Geosphere, September 1987,Munich, West 
Germany. 


Dayal, R., Klein, R., and Jakubick, A.T. 

“Carbon-14 Attenuation in Cementitious Backfill Materials”, 
International Conference on Chemistry and Migration Behaviour 
of Actinides and Fission Products in the Geosphere, September 
1987, Munich, West Germany. 


Dayal, R., Milian, L.*, Clinton, J.*, and Arora, H.S.* 

“Effect of Wet / Dry Cycles on the Leaching of Cemented Waste 
Forms”, Symposium on Leaching Tests for Radioactive and 
Chemically Hazardous Waste Forms: Mass Transport and 
Chemical Reactions, American Chemical Society National 
Meeting, August 1987, New Orleans, Louisiana. 


Deans, J.J. 

“Evaluation of Low Temperature Anchor and Bearing Pad 
Materials for Towerline Construction”, ACI Seminar, February 
1987, Toronto, Ontario. 


“Evaluation of Magnesium Phosphate Concrete for Constructing 
Bearing Pads for Towerline Construction”, Concrete Repair 
Seminar, July 1987, Cleveland, Ohio. 


see also Mukherjee, P.K. etal. 
Dhirani, H.: see Dick, E.P. etal. 


Dick, E.P., Dhirani, H., Gupta, B.K., Powell, P.W.*, Shinn, 
R.A.*, Greenwood, A.*, and Porter, J.W.* 

“Review of Generator Surge Coordination including Generator 
Breakers”, IEEE PES Winter Power Meeting, February 1987, 
paper 87 WM 216-5, New Orleans, Louisiana. 


Dodd, D.J.R.: see Colman, J.E.* etal. 


Edwards, G.C., Northrup, F.J., and Thurtell, G.* 
“Measurement of Dry Deposition Fluxes of SO2 and NO2 toa 
Forest Canopy Using a Diode Laser Spectrometer”, Eighteenth 


Conference on Agricultural and Forest Meteorology, September 
15-18, 1987, West Lafayette, Indiana. 


Edwards, G.C., Wright, $.C., Kirshak, D.N., and Laratta, E. 
“Evaluation of Regulation 308 Models with Site Specific Data”, 
Joint Annual Conference of Pollution Control Association and Air 
Pollution Control Association of Ontario, April 5-7, 1987, 
Toronto, Ontario. 


Elphick, I.G., and Chan, A.M.C. 

‘Initially Subcooled Critical Discharge Through a Converging 
Nozzle”, Second Workshop on Advanced CANDU Reactor 
Thermalhydraulics, October 1987, Hamilton, Ontario. 


Endrenyi, J. 

“Bulk Power System Reliability Concepts and Applications”, Task 
Force Presentation at the IEEE PES Winter Power Meeting, 
February 1987, New Orleans, Louisiana. 


“Bulk Power System Reliability Indices and Criteria”, IEEE PES 
Winter Power Meeting, February 1987, New Orleans, Louisiana. 


“Power System Reliability — Challenges for the Future”, National 
Science Foundation Workshop on University Research for Electric 
Power System Engineering, April 8-10, 1987, Tempe, Arizona. 


“Developments in Power System Reliability — A Review”, Israel 
Electric Corporation, October 19-22, 1987, Haifa, Israel. 


Erven, C.C. 
“Surge Protection Practices”, Ontario Hydro Course on System 
Aspects of Protective Relaying, April 21, 1987, Toronto, Ontario. 


Ewing, H.A.: see Krishnasamy, S.G. e¢ al. 

Ferrie, J.S.: see Gonzalez, L.A. 

Flaman, M.T.: see Boag, J.M. 

Fleck, R.G., Holt, R.A., Perovic, V., and Tadros, J. 

“Effects of Temperature and Neutron Fluence on Irradiation 
Growth of Zr-2.5 wt% Nb”, International Workshop on 
Fundamental Mechanisms of Irradiation Creep and Growth, June 
1987, Hecla, Manitoba. 

Forest, J.W.: see Anderson, H.L. 


Foster, J.: see Oda, S.J. etal. 


Foty, S.M.*: see Fujimoto, N. etal. 


Fujimoto, N., and Boggs, S.A. 

“Characteristics of GIS Disconnector-Induced Short Risetime 
Transients Incident on Externally Connected Power System 
Components”, IEEE PES Winter Power Meeting, February 1987. 


Fujimoto, N., Croall, S.J., and Foty, S.M.* 
“Techniques for the Protection of Gas-Insulated Substation to 
Cable Interfaces”, IEEE PES Summer Meeting, July 1987. 


Gallimberti, I.*: see Wiegart, N.* et al. 
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Gonzalez, F., and Trass, O.* 

“AShock Tube Study of the Pyrolysis of Nitric and Nitrous 
Oxides”, Sixteenth Shock Tube and Wave Symposium, Aachen, 
West Germany. 


| 

sonzalez, L.A., and Ferrie, J.S. 

Field Determination of PCB in Groundcover”, EPRI PCB 
eminar, October 6-9, 1987, Kansas City, Missouri. 

| 


ee also Zeya, M. etal. 


Greening, F.: see Balbaa, I. et al. 


Greenwood, A.*: see Dick, E.P. etal. 


Griffiths, J.S., Carey, W.E., and Maher, J.F.B. 
“Effects of a Great Lakes Generating Station Thermal Discharge 
on Development and Survival of Round Whitefish Eggs — A 
Combined Laboratory and Field Study”, Fourteenth Annual 
Aquatic Toxicity Workshop, November 1-4, 1987, Toronto, 
Ontario. 


Gupta, B.K. 
“Surge Aging of Interturn Insulation”, Cage Club Meeting, May 
11,1987, Ottawa, Ontario. 


“Generator Insulation Aging and Test Methods”, CEA, October 
18-21, 1987, Edmonton, Alberta. 


“Effects of Potential Surges on Motor Insulation”, 1987 Joint 
Power Generation Conference, October 4-8, 1987, Miami, 
Florida. 


see also Dick, E.P. etal. 


Hardie, M.W.: see Warr, B.D. etal. 


Hatanaka, G.K. 
“Television Interference Location”, Ontario Hydro Course, May 
4-7, 1987, Orangeville, Ontario. 


Havard, D.G., and Pon, C.J. 
“Galloping Conductor Research in Canada 1986-1987”, CIGRE 
WG22-11 Task Force on Galloping, September 27-30, 1987, 

Cleveland, Ohio. 


“Literature Survey on Aeolian Vibration Excitation of Bundled 
Conductors”, CEA Engineering and Operating Division Meeting 
Conductor Vibration and Oscillation Subsection, March 23-24, 

1987, Vancouver, British Columbia. 


see also Currie, I.G. etal. 


Hawthorne, S.H., and Ruddick, J.N.R.* 
“Development of an Environmentally Acceptable Wood Pole 
Groundline Treatment Formulation”, Eighth Annual Meeting of 
the Canadian Wood Preservation Association, November 3-4, 
1987, Vancouver, British Columbia. 


see also Nguyen, Y.V. etal. 


Heics, A.G., Shmayda, W., and Kherani, N.P. 
“Heat Transport in Doubly Contained Uranium Storage Beds”, 
Thirty— Fourth AVS National Symposium, November 1987, 

Anaheim, California. 


see also Shmayda, W. etal. 


Herring, J.A.: see Boag, J.M. etal. 


Holt, R.A. 
“Mechanisms of Irradiation Growth of Zirconium Alloys”, 
International Workshop on Fundamental Mechanisms of 
Irradiation Creep and Growth, June 1987, Hecla, Manitoba. 


see also Causey, A.R. etal and Fleck, R.G. et al. 


Hooton, R.D., and Sturrup, V.R. 
“Testing Aggregates for Long-Term Performance in Concrete”, 

Proceedings of the ASTM C-9 Symposium on Concrete Problems, 
June 1987. 
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Husain, A. 

“Development of a Gamma Spectrometry System for In-Situ 
Measurement of Radioactivity within Piping”, International 
Conference on CANDU Maintenance, November 22-24, 1987, 
Toronto, Ontario. 


Iribarne, J. V.: see Cho, H.R.” et al and Melo, O.T. et al. 
Jakubick, A.T.: see Dayal, R. et al. 

Jalbert, R.A.: see Kherani, N.P. et al. 

Janischewskyj, W.*: see Chisholm, W.A. 


Jarv, T. 

“Studies of H2S and SO2 Adsorption / Chemisorption by 
Respirator Canisters”, 1987 Conference of the International 
Society for Respiratory Protection, October 18-22, 1987, 
Toronto, Ontario. 


see also Melo, O.T. 


Jervis, R.E.*, and Pringle, T.G. 

“Contributions from Industrial and Municipal Sources to Airborne 
Heavy Metal Particulates”, Sixth International Conference on 
Heavy Metals in the Environment, September 1987, New 
Orleans, Louisiana. 


Jones, W.R. 

“The Effect of an Improved Window on Condensation Potential”, 
BTECC/ DOE Symposium on Guidelines for Air Infiltration, 
Ventilation, and Moisture Transfer, Fort Worth, Texas. 


Kalia, R.K., and Schumacher, L.C. 

“Electrochemical Technologies: Ontario Hydro’s Perspective”, 
Spring Meeting of the Electrochemical Society (Canadian Section), 
March 27, 1987, Toronto, Ontario. 


see also Colman, J.E.* et al. 
Kavassalis, T.: see Melo, O.T. etal. 
Kawaji, M.: see Lam, T. et al. 


Kherani, N.P., Shmayda, W., and Jalbert, R.A. 

“Tritium Removal from Inert Gases Using Zr2Fe”, Twelfth 
Symposium on Fusion Engineering, October 1987, Monterey, 
California. 


see also Heics, A.G. etal and Shmayda, W. 
Kindersberger, J.*: see Wiegart, N.* etal. 
Kirshak, D.N.: see Edwards, G.C. etal. 
Klein, R.: see Dayal, R. etal. 

Koehler, H.P.: see Boyd, J.M. 


Krasznai, J.P., Dalziel, B.P., Krochmalnek, L.S., and Williamson, 
A.S. 

“Ontario Hydro’s Waste Characterization Program and 

its Application to Waste Management”, Ninth Annual Department 
Of Energy Low Level Waste Management Conference, August 
25-27, 1987, Denver, Colorado. 


Krishnasamy, S.G. 

“Analysis of Overhead Transmission Structures by Probabilistic 
Methods”, Fifth International Conference on Applications of 
Statistics and Probability in Soil and Structural Engineering, May 
25-29, 1987, Vancouver, British Columbia. 


see also Cragg, C.B.H. 


Krishnasamy, S.G., and Ewing, H.A. 

“A Comprehensive Program for Wood Pole Evaluation in Ontario 
Hydro”, CEA Engineering and Operating Division Meeting, 
March 23-27, 1987, Vancouver, British Columbia. 


Krishnasamy, S.G., and Ramani, N. 

“Design Wind Loads for Overhead Power Lines Accounting for 
Wind Direction”, Seventh International Conference on Wind 
Engineering, July 6-10, 1987, Aachen, West Germany. 


Krochmalnek, L.S.: see Krasznai, J.P. et al. 


Kuffel, J. 
“Errors Encountered in Digital Recording of High-Voltage 
Impulses”, Cage Club Meeting, May 11, 1987, Ottawa, Ontario. 


Lam, T., Chan, A.M.C., and Kawaji, M. 

“Two-Phase Flow Across a Horizontal Tube Bundle”, McMaster 
University Symposium on Nuclear Science and Engineering, 
October 1987, Hamilton, Ontario. 


Laratta, E.: see Edwards, G.C. et al. 
Lau, K.C.: see Crawford, A.M. etal. 


Lawson, W.H.S., Poon, G., and Tinkler, M.J. 

“Towards P-GMAW for Temper Bead Repair of Sour Service 
Components”, EPRI Repair Welding Seminar, March 10, 1987, 
Charlotte, North Carolina. 


Lee, J.: see Cenanovic, M. et al. 


Lenarduzzi, F.J. 
“Heat Pump Innovations and New Applications”, Water Furnace 
Dealer Seminar, April 3-4, 1987, London, Ontario. 


“Heat Pump Technology”, Toronto Hydro’s Energy Management 
Seminar, June 4, 1987, Toronto, Ontario. 


Lichtenberger, P.C.: see Warr, B.D. 


Lloyd, B.A., Sharma, D.K.*, and Brede, C.K.* 

“A Generator Expert Monitoring System”, EPRI Conference on 
Expert Systems Applications in Power Plants, May 27-29, 1987, 
Boston, Massachusetts. 


Loewen, T. 

“Reactor Coolant Pumps — Theoretical and Experimental Rotor 
Dynamics”, ROMAC (Rotating Machinery and Control) 
University of Virginia Annual Meeting, June 21-25, 1987, San 
Diego, California. 


MacTavish, B.D.: see Chadha, J.A. etal. 


Madge, R.C. 

“Effect of Large Metallic Structures on AM Radio Broadcast 
Patterns”, 1987 Colloquium of CIGRE $C36 Interference, June 
8-9, 1987, Montreal, Quebec. 


r 
it 


“AM Reradiation from Transmission Lines”, 1987 Colloquium of 
CIGRE S$C36 Interference, June 8-9, 1987, Montreal, Quebec. 


Maher, J.F.B.: see Griffiths, J.S. et al. 
Malkiewicz, T.: see Cenanovic, M. etal. 
Mangal, R.: see Mozes, M. et al. 


* denotes other than Ontario Hydro employee 


Mannik, L., Brown, S.K., and Campbell, S.R. 

“The Application of Phosphor Thermometry to Generator Rotor 
Temperature Monitoring”, International Congress on 
Applications of Lasers and Electro-Optics, November 8-12, 1987, 
San Diego, California. 


see also Balbaa, I. et al. 


Manolescu, A.V., Chow, C.K., and Csillagi, E.G. 
“Morphology of In-Reactor Corrosion Scales on Zirconium-2.5 
wt% Nb Alloy”, NACE Corrosion 87 Conference, March 11, 
1987, San Francisco, California. 


Manolescu, A.V., and Mayer, P. 
“Boiler- Tube Failure Diagnosis”, NACE Toronto Section Meeting, 
October 13, 1987, Toronto, Ontario. 


Mastroianni, F.: see Moles, M.D.C. et al. 


Mayer, P. 

“Boiler Tube Failure Mechanism Recognition — An Expert 
System”, Canadian Institute of Metallurgists / Canadian 
Committee for Research on the Strength and Fracture of Materials 
Symposium, August 23-26, 1987, Winnipeg, Manitoba. 


see also Balbaa, I. et al; and Manolescu, A.V. 
McCluskey, D.: see Mukherjee, B. 


McKinley, R.S., and Patrick, P.H. 

“Use of Behavioural Stimuli to Divert Sockeye Salmon Smolts at 
the Seton Hydro-Electric Station, British Columbia”, EPRI 
Conference on Fish Protection at Steam and Hydro Power Plants, 
October 28-30, 1987, San Francisco, California. 


see also Patrick, P.H. 


Melo, O.T. 

“Ontario Hydro’s Acid Gas Control Program”, Chemical 
Engineering Graduate Seminar at the University of Waterloo, 
April 9, 1987, Waterloo, Ontario. 


“Options for Controlling Acid Gas Emissions”, University of 
Toronto Fourth Year Environmental Engineering, February 10, 
1987, Toronto, Ontario. 


“Environmental Research at Ontario Hydro”, Annual Meeting of 
the CEGB/OH/ TVA Working Group on Collaborative Research 
& Development on Long-Range Transport and Atmospheric 
Chemistry, August 31 —- September 2, 1987, Muscle Shoals, 
Alabama. 


Melo, O.T., and Jarv, T. 

“Studies of N-Type Respirator Canisters”, 1987 Conference of the 

International Society for Respiratory Protection, October 18-22, 
1987, Toronto, Ontario. 


_see also Cho, H.R.* etal. 


Melo, O.T., Cho, H.R., Iribarne, J. V., Niewiadomski, M., and 
| Kavassalis, T. 

“Numerical Modelling of Transformation and Redistribution of 
Pollutants by Clouds”, Sixth International Symposium of the 
Commission on Atmospheric Chemistry and Global Pollution on 
Global Tropospheric Chemistry, August 23-29, 1987, 

| Peterborough, Ontario. 


Micheletti, W.C.*: see Patrick, P.H. et al. 


) Milian, L.*: see Dayal, R. et al. 
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Moles, M.D.C., Mastroianni, F., and Sinclair, A.N. 

“Ultrasonic Crack-Tip Diffraction in CANDU Reactor Pressure 
Tubes”, Canadian Institute of Metallurgists / 

Canadian Committee for Research on the Strength and Fracture of 
Materials Symposium, August 23-26, 1987, Winnipeg, 
Manitoba. 


Morrow, R.*: see Wiegart, N.” etal. 


Mozes, M.S., Mangal, R., Thampi, R., and Tubman, D. 
“Ontario Hydro’s R and D on Sorbent Injection for SO2 Control, 
Part 1 — Pilot Scale Studies to Improve Process Performance”, EPRI 


Conference on the Effects of Coal Quality on Power Plants, 
October 1987, Atlanta, Georgia. 


Mukherjee, B. 

“Observations on the Effect of Post-Weld Heat Treatment on 
J-Resistance Curves of SA-106B Seamless Piping Welds”, United 
States National Research Council / Japan Atomic Energy Research 
Institute and University of Tokyo Workshop on The Role of 
Failure and Fracture Mechanics in Leak Before Break Assessment, 
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FOREWORD 


From a small beginning seventy-five 
years ago, the Research Division has 
grown to become a vital part of Ontario 
Hydro, continually striving towards 
the goal of better electrical service. We 
are proud of the contribution made by 
the Division to the efficient operation of 
Ontario Hydro and to the electrical and 
allied industries generally. 

To mark the occasion of our 75th 
anniversary, this booklet has been 
prepared to provide readers with some 
insight into the nature and scope of the 
Division’s current responsibilities and 
activities, a look at significant events 
and achievements of the past, anda 


glimpse of the future. 

Should a reading of this booklet bring 
to mind some questions related to the 
work, inquiries for further details on 
any project will be welcomed, and will 
be answered as adequately as available 
information permits. 


D. (Don) Mills 
Director of Research 


THE RESEARCH DIVISION 


A pioneer in electric utility research 
in North America, the Research Divi- 
sion of Ontario Hydro has, froma 
modest beginning in 1912, growntoa 
laboratory with over 650 employees, 
and attained a leading position ina 
number of technical fields. Our objec- 
tive has been to ensure that the most 
advanced and preferred engineering 
practices, consistent with sound 
economy, are applied throughout the 
power system, and that technical 
improvements are continually made. 

Ontario Hydro, then known as the 
Hydro-Electric Power Commission of 
Ontario, was established by an Act of 
the Ontario Legislature in 1906 to 
generate and transmit electric power to 
municipalities in the province at cost. 
Adam Beck was appointed chairman 


(top left) The first step towards 
organizing a testing department within 
Ontario Hydro was taken in 1912, 
when H.D.G. Crerar set up a one-bench 
workshop in a corner of the basement of 
the former Toronto-Strachan Trans- 
former Station. Mr. Crerar, seated in the 
middle of the lower step among a group 
of employees, was succeeded by W.P. 
Dobson, well-known at the time for his 
studies of transients due to high-voltage 
switching. 


(top right) Portable electric heaters, 
furnace blowers and kitchen appliances 
were among a broad range of electrical 
products that since 1919 had come 
under close scrutiny of, and perfor- 
mance and safety testing by, Ontario 
Hydro’s approvals laboratory before 
their certification for sale to the public. 
After reaching status as a national 
service, Ontario Hydro’s approvals 
testing function was transferred to the 
Canadian Standards Association. The 
service continues to be a large part of 
CSA’s activity. 


(bottom) Considered to be one of the 
most advanced of its type anywhere, 
Ontario Hydro’s structural materials 
laboratory, part of which is shown here 
as it appeared about 1920, has been 
used for all classes of physical testing 
and investigation of cements, aggregates 
and other concreting materials. By the 
end of the ‘20s, the laboratory had 
become internationally recognized for 
its development and use of scientific 
methods to assure quality of concrete 
used in construction of massive 
structures such as hydraulic dams and 
powerplant generator halls. 
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(top right) In this scene from the ’20s, 
hydraulic test engineers are measuring 
hydraulic-turbine efficiencies at Healey 
Fall Generating Station using, for the 
first time in Canada, the Gibson 
method. 


(top left) In 1922, metallurgists and 
chemical engineers of the Research 
Division were called upon to assist in the 
investigation of the cause of a catastro- 
phic metal fatigue failure of a generating 
unit at the Ontario Power Company’s 
hydro-electric powerplant in Niagara 
Falls. 


(bottom) By 1920, the photometric 
section of the testing and research 
laboratories had become well estab- 
lished and was being widely used by 
manufacturers and large purchasers for 
tests of the performance of luminaires 
and other lighting products, and by 
Ontario Hydro for the establishment 

of adequate specifications. Here, a 
seven-foot-diameter integrating sphere 
is seen in use for measurement of the 
light output of commercial incandescent 
luminaires by means of a photometer (I) 
and control panel (r). The photometric 
laboratory was transferred to the Can- 
adian Standards Association in the 
early ’70s. 


of the Commission. First delivery of 
power from the Ontario Power Com- 
pany in Niagara Falls, Ontario, was 
in 1910 over transmission circuits 
constructed and owned by the 
Commission. 

Since Ontario Hydro is not only 
an operating utility, but also largely 
designs and builds the necessary plant 
facilities, complex technical problems 
of a wide variety have arisen as the 
power system grew over the decades. 
In many instances the solutions have 
been based on work performed in the 
Research Division. This work in turn 
has produced basic improvements to 
materials and equipment, many 
becoming industry standards. 

The need for utility-sponsored and 
utility-directed research in addition to 
manufacturer-sponsored programs has 
been shown by our experience to date. 
We have found that many areas of 
research and development can in fact 
only be carried out properly by a utility 
group. Much of the required research 
involves study of the power system as a 
whole rather than of the individual 
components. Typical examples range 
from studies of overhead-line vibra- 
tion, environmental effects, system 
stability, and lightning and other 
weather-induced phenomena, to waste 
disposal and other nuclear-related 
problems and concerns. Most of the 
Division’s growth in recent years has 
been needed to address such problems. 
In 1987 the number and complexity of 
problems, both current and foreseen, 
call for even more comprehensive 
interdisciplinary research programs 
than heretofore. 

The Division’s research programs 
are carried out by discipline-oriented 
electrical, mechanical, metallurgical, 
chemical and civil research depart- 
ments, and by project-oriented teams 
for larger multi-disciplinary investiga- 
tions. An operations research group 
performs studies of corporate-wide 
interest. Advice and guidance from 
Ontario Hydro’s operating, engin- 
eering and marketing divisions are 


Di 


used by standing research advisory 
committees in planning for future 
research. 

Following a few historical notes, 
brief descriptions are given of the 
administrative structure, the general 
functions and the evolution of facilities 
of the Division. A description is also 
given of some significant current activi- 
ties. Significant events and achieve- 
ments over the years are represented 
by selected period photographs that 
supplement the text. 


FROM BEGINNINGS PRESENT 


Ontario Hydro’s research and testing 
activities had their beginnings in 191 


in the basement of the former Toronto 
Strachan Transformer Station. As with 
early construction activities of Ontario 
Hydro, research and testing began ona 
small scale. The initial staff of three 
men began to work on problems of 
electrical standards and metering and 
of electric lamp testing and standards. 
In the following year, the staff of the 
Testing and Research Department (now 
the Research Division) was increased to 
five to enable high-voltage and other 
electrical testing to be performed. At 
that time the staff was transferred to a 
new building constructed next to the 
transformer station, which, with some 
additions, housed the research and 
testing work until late 1961. 

As work at the Strachan Avenue 
laboratories expanded, the organiza- 
tion was divided into four sections: 
High Tension and General Testing, 
Standards and Meters, Lamps and 
Illuminating Engineering, and the 
Approvals Laboratory. 

While the principal function of the 
laboratories was general testing and 
research, another important one was 
undertaken in 1919 — the testing of 
electrical materials, appliances and 
other equipment for safety from fire 
and accident. This service was under- 
taken because of Ontario Hydro’s 
responsibility for the inspection of all 
electrical installations in Ontario. 


(top left) In the 30s, Ontario Hydro 
launched a campaign to promote good 
lighting in industry and commerce and 
in the home. A visual display demon- 
strates the brightness of “Hydro long-life 
lamps”. These lamps were manufac- 
tured to specifications developed by the 
illuminating section to provide service 
lives of at least 1,500 hours. 


(top right) Over the years, safety in the 
workplace has been of prime concern to 
Ontario Hydro. Here, in about Se 

a technician evaluates the efficacy of « 
respirator designed for use in dusty or 
otherwise noxious atmospheres. 
Comparison-testing of various types 

of breathing apparatus continues to 

this day. 


(bottom) Ontario Hydro was one of the 
first power utilities to recognize the role 
of electronic devices in the operation of a 
large power system. Among the many 
devices developed were the linascope for 
locating faults on transmission and 
communication circuits, the sonisope 
for ultrasonically examining the quality 
of concrete structures and the bolometer 
for measuring remotely the operating 
temperature of joints in transmis- 
sion-line conductors. 


(top left) The petrographer shown 
here, in the mid-’50s, records her 
findings after observation of the 
characteristics and identification of the 
constituents of a thin specimen of rock 
through a stereographic microscope. 
Recommendations of the petrographer 
largely determine the quality and 
ultimate endurance of the structure. 


(top right) Here, in the ’40s, a technician 
in the electrical standards laboratory 
calibrates portable standard wattmeters 
for use in field measurements, against 
precise laboratory-standard wattmeters. 


(bottom) “Waltzing Matilda”, the 
Research Division’s mobile high-voltage 
laboratory of second-world-war vin- 
tage, contributed greatly to research in 
the 50s and ’60s on the performance 
characteristics of apparatus insulation 
under field operating conditions. Here, 
“she” is subjecting a spare standby circuit 
breaker at a transformer station to an 
insulation power-factor test to ensure 
readiness of the breaker for emergency 
use. 
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The service marked the beginning of 
electrical approvals and safety testing 
in Canada. From 1919, it gradually 
extended to other provinces and 
ultimately became a national service. 
In 1950 it was turned over to the 
Canadian Standards Association. 

In 1930, director of research Mr. 
Dobson said, “In order that the labora- 
tory may be posted on various aspects 
of testing and research, its members 
must have special knowledge. This is 
obtained either by research work and 
study, or by contact with other engin- 
eers engaged in similar work. The most 
satisfactory way of obtaining progress 
is by membership on standardizing 
and other technical committees.” Mr. 
Dobson encouraged his staff to attach 
themselves to various technical organi- 
zations. The laboratory therefore 
became represented on committees of 
such bodies as the American Society 
for Testing Materials, the Canadian 
Engineering Standards Association, 
the American Institute of Electrical 
Engineers, the National Research 
Council, and the American Concrete 
Institute. 

After 1930, Mr. Dobson continued 
to direct his organizational ability to 
strengthen research assistance to 
Ontario Hydro operating and engin- 
eering divisions and to the municipal 
utilities. He encouraged research staff 
to embark on new phases of inspection 
and testing. His keen interest in the 
basic sciences was used to encourage 
full use of the facilities of the 
laboratory. 

By the late 50’s, because of the 
increasing volume of work and of 
changing requirements, the need for 
more space and better accommodation 
for the Research Division had become 
urgent. With abandonment of the 
Strachan Avenue building required 
because of its location on the proposed 
route of a major expressway, plans for 
the present building on Kipling Avenue 
were begun in 1959. Construction was 
started in April, 1960, and the building 
was occupied in September, 1961. 


Since then the main Kipling Avenue 
building has been supplemented by 
adjacent buildings used for biological, 
atmospheric and electrotechnologies 
research, testing of nuclear-process 
components, high-voltage and high- 
current research and testing, mechani- 
cal testing and development and other 
specialized purposes. The Research 
Division now has altogether about 
35,000 square metres of office and 
laboratory space. 

An outdoor laboratory at Kleinburg, 
about 30 kilometres north of the main 
laboratory, provides for electrical and 
mechanical testing of full-scale trans- 
mission structures and equipment. 


ADMINISTRATIVE 
ORGANIZATION - THEN AND 
NOW! 


In its early days, the Division was 
directed by the Chief Testing Engineer 
with the advice of a Research Commit- 
tee consisting of himself and the depart- 
ment heads. Subcommittees were 
appointed to oversee specific areas of 
research. Today, a similar system 
exists. The division is managed by the 
Director of Research with advice from 
an executive committee of managers. 
This committee develops research 
strategy using input from Research 
Program Advisory Committees of 
senior researchers appointed to 
recommend future programs. 

Also in place is a technical ladder 
whereby scientific and engineering 
experts pursue anticipatory research 
unencumbered by administrative 
studies. 

Thus the Division’s organization is 
designed and the work coordinated to 
meet the constantly changing needs of 
all phases of Ontario Hydro’s technical 
Operations. 


IN CONCLUSION 


Over the past eight decades, Ontario 
Hydro has pioneered in many ways in 
the electric utility field. Seventy-five 


(top left) Work in the area of nuclear 
technology involves development of 
nondestructive on-line techniques and 
inspection devices for testing of the 
structural integrity of pressure tubes and 
other internal reactor components. 
Here, research staff display a test piece 
and, in the background, automated 
ultrasonic equipment, used to appraise 
various designs of experimental rolled 
joints at the interface between reactor 
pressure tubes and the reactor 
tubesheet. 


(top right) In the ’60s, a grounded cage 
surrounding a short length of over- 
head-line conductor made possible the 
study of corona phenomena in the 
laboratory at voltages much lower than 
actual line operating voltages. This and 
other test arrangements aided consider- 
ably in the development of methods for 
limiting radio and television interference 
(noise) from the power system. 


(bottom) In 1919, Dr. W.P. Dobson 
was appointed to the Canadian 
Electrical Code Subcommittee. At that 
time the Committees, formed within 

the jurisdiction of the Canadian 
Engineering Standards Association 
(now Canadian Standards Association), 
were attempting to formulate rules and 
regulations regarding the inspection and 
installation of electrical equipment. 

To him can be attributed a great mea- 
sure of initiative and success in the 
development of the Canadian Electrical 
Code, Parts land II, and in the 
inauguration and steady progress of 

the CSA Approvals Service. 


Dr. Dobson continued his interest in the 
Approvals Laboratories and provided 
technical guidance in numerous topics 
for 35 years. The Approvals Labora- 
tories were completely divorced from 
Ontario Hydro in 1950. Dr. Dobson 
was honoured by being asked to turn 
the first sod of the new CSA Approvals 
Laboratory building aboard a cater- 
pillar tractor on February 23, 1954. 


years of related research has contrib- 
uted to many technical advances. 

Much valuable research has been and 
is, of course, conducted by manufac- 
turers, and in university and other 
laboratories. The research group of an 
electric utility such as Ontario Hydro 
has the advantage, however, of an 
intimate knowledge of problems that 
arise in the day-to-day operation of a 
power system. This aids materially in 
achieving practical solutions and in 
confirming their adequacy. 

The Research Division now spends 
about $60 million on research and 
development annually. In recent 
decades, a large part of annual 
expenditures has been for studies 
related to the security, efficiency and 
environmental impact of the Corpora- 
tion’s nuclear generating stations which 
supply an increasing proportion of 
Ontario’s demand for electricity. Major 
areas of research are concerned with the 
safe handling, storage and disposal 
of nuclear wastes, the integrity and 
dimensional stability of CANDU 
reactor fuel channels, the causes and 
control of corrosion and wear, the 
development of improved inspection 
techniques, and the decontamination 
of nuclear reactor systems. Work is 
continuing in support of the recently 
constructed tritium removal facility at 
Darlington nuclear generating station 
and of development of tritium technol- 
ogy for the Canadian Fusion Fuels 
Technology Program. 

Other research deals with new and 
improved electrotechnologies for 
efficient use of electricity. Techniques 
are being developed that will permit 
more effective use of generating units, 
transmission lines, underground cables 
and interconnections with other sys- 
tems. New developments also include 
upgrading of the capabilities of trans- 
mission lines and substations and 
automation of the distribution system. 

Research continues into the forma- 
tion of acid rain and development of 
measures for the control of acidic 
emissions from coal-fired generating 


stations. Systems for the diversion of 
fish to avoid blocking of generating 
station water intakes are being devel- 
oped, tested and implemented. A 
process developed for treatment of 
PCB-contaminated insulating oil and 
its restoration to oil of reusable quality 
has been successfuly demonstrated to 
regulatory authorities and put into 
service. 

In most projects, Ontario Hydro 
cooperates closely with other electric 
utilities, the Canadian Electrical 
Association, the Electric Power 
Research Institute in the United States, 
and manufacturers of equipment and 
materials. About 10 percent of the 
Research Division’s effort currently is 
funded through contracts with these 
and other external agencies. The results 
often lead to transfer of technical exper- 
tise to the manufacturing sector. 

With continuing growth in the use of 
electricity and increasing technological 
and social demands, a challenge of 
immense proportions faces Ontario 
Hydro inthe years ahead. As in the 
past, the Research Division’s aim for 
the future will be to continue to provide 
technical services of the highest possible 
standard. Hydro’s research, furthered 
by modern laboratory facilities, will 
assist substantially in providing a 
dependable and economical supply of 
electric power to users throughout the 
province. 


The technology available for analysis of materials has advanced phenomenally from the ’SOs t 
the present. Today, elemental composition analyses and high-resolution imaging of materials 
support of metallographic, biological, geological, and other studies, are performed ona 
scanning electron microscope supplemented by an x-ray diffraction analyzer. 
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Much of the Research Division’s nuclear work involves the study of means for safe handling, 
interim storage and permanent disposal of irradiated materials produced during the course of 
operation of Ontario Hydro’s nuclear generating stations. 

Here, at the Chalk River Nuclear Laboratories of Atomic Energy Canada Limited, the integr 
of a stainless steel container for transportation of irradiated fuel was demonstrated ina free-f« 
drop test of the cask from a height of nine metres onto an unyielding surface. 
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Some 
Significant 
Research 


Contributions 


Over The Past 
75 Years 


Sd a= 
The Soniscope — an ultrasonic device 
developed to measure deterioration 


and cracking in concrete. 
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The Linascope — a device developed 
to locate faults in transmission and 


communication circuits. 
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The Coronaphone — a device designed 
to locate sources of radio interference 
due to corona discharge on high- 
voltage lines. 


Monitoring for Predictive 
Maintenance — a computer-managed 
system developed for use in planning 
hydraulic generator maintenance. 


The tri-axial shaker — an instrument 
developed to seismically qualify 
small- and medium-size nuclear 
equipment. 


ASIC — an Application Specific 
Integrated Circuit chip developed to 
replace existing digital circuits or to be 
used in new applications with specific 
requirements. 


a SF Me 2e eed 
Flyash Utilization — an early leader in 
the application of flyash as a pumping 
aid in the placement of concrete at 
Ontario Hydro’s nuclear sites. 
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The Bolometer — an infrared instru- 


ment developed to detect overheated 
transmission line joints. 


The Mobile Processing Unit — an oil 
processing facility designed to destroy 
low-levels of polychlorinated biphen- 
yls (PCBs) in insulating oils safely and 
effectively. 


CIGAR - a Channel Inspection and 
Gauging Apparatus developed to 
measure the dimensions and evaluate 
the integrity of pressure tubes in the 
fuel channels of CANDU reactors. 
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VICE-PRESIDENT’S MESSAGE 


Lorne McConnell and Bruce Semp 


er, Vice-President of Operations at Davidson Instrument Panel (a subsidiary of Textron Inc 


discuss the use of microwave heating to help solve a hazardous waste problem. 


ntario Hydro’s highest priority has always been to 

provide its customers with products and services syn- 
onymous with the highest possible value. To help meet this 
goal, in May of 1988, a new Corporate Strategy was 
approved by Hydro’s Board of Directors. The new strategy 
will shape Hydro’s operating environment for the foreseeable 
future. The critical challenge the Corporation faces is to 
implement this strategy without losing sight of society’s evolv- 
ing attitudes and expectations. In a context hallmarked by 
change, Ontario Hydro must commit itself to innovation, 
continuing, at the same time, to build on its traditional 
strength as a supplier of efficient, safe, and relatively inexpen- 
sive electrical power. 

The renewed Corporate emphasis on innovation and effi- 
ciency and its commitment to dealing with environmental 
issues have served only to reinforce directions already being 
pursued by the Research Division. Promoting customer 
awareness of efficient use of energy and responding quickly to 
customer requests for advice and assistance are important 
parts of the Research Division’s mandate. Equally important 
is the Division’s role in helping the Corporation ensure the 
Province of Ontario that the Corporation’s facilities and 
activities are environmentally sound. 


Considered as a pioneer in the field of environment 
research, the Research Division continues 'a comprehensi 
acid rain research program while, more recently, it h 
focused close attention on studies related to the so-call 
“greenhouse” effect. More so than any other issue, the imp 
cations of this effect are considered to have the ability 
impact on the environment on a global scale. 

The Research Division’s awareness of emerging enviro 
mental issues has caused no decline in the pursuit of technc 
ogies allowing the provision of the greatest net benefit 
Ontario Hydro’s industrial customers. By continuing to « 
high quality research and development, by helping custome 
make the best use of electrical power, and by disseminati1 
knowledge enabling Ontario’s manufacturers to improve tl 
quality of their products, the Research Division has helps 
forge and assure Ontario Hydro’s role asa leader in the eners 


field. 


L. G. McConn« 
Vice-Preside 
Power System Progra 


DIRECTOR'S MESSAGE _ 


Don Mills and Lew Hutchinson, President and CEO of LASCO, discuss electric arc furnace technology, a major interest of 
Ontario Hydro for which a research facility has been developed at Lakeview. 
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| | he mission of the Research Division is to provide 
Ontario Hydro with the scientific knowledge and tech- 
20logy needed to solve the problems of today and to antici- 
oate those of tomorrow. As Hydro is faced by an ever widen- 
ng range of technologies, both traditional and new, decision 
making that remains viable and applicable in the future 
becomes increasingly difficult. It is fortunate then that 
research by its nature is open ended: it does not neglect the 
proven nor does it falter its ongoing search for the possible. 
lhe Research Division has a very real role to play in helping 
Ontario Hydro implement its new Strategy intended as a 
means of dealing with economic and technological change. 

Many of the initiatives undertaken at the Research Divi- 
sion in support of Corporate Strategy are already in place. 
The need to promote customer awareness of efficient use of 
electricity and to respond quickly to customer requests for 
advice and assistance has been a high priority for some con- 
siderable time. One benefactor is Ontario industry, and 
droduct and process evaluations are conducted in close 
ooperation with industrial customers. Another is the resi- 
dential sector. Residential energy efficiency potential is being 
iggressively explored. The ultimate result will be an increase 
n the health, wealth, and comfort of Ontario Hydro’s resi- 
ential customers as well as an increase in the Corporation’s 
control over demands made on the bulk electricity system and 


ocal distribution networks. 
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Equally important to reducing power demand is sustaining 
a reliable supply management program. One important 
aspect of this program is the need to focus attention on 
existing generation, transmission, and distribution facilities. 
To meet one aspect of this need, the Research Division has 
committed a major component of its resources to the Cor- 
poration’s extensive life assessment program that will assure 
the continued safe, reliable, and economic operation of exist- 
ing plant, be it thermal, hydraulic, or nuclear. 

In its pursuit of the scientific knowledge and technology 
needed to meet the challenges that the Corporation faces as it 
prepares for the next century, the Research Division is always 
aware that the environment cannot be traded off for the sake 
of progress: it commits to design and to carry out its research 
and development plans in a way that ensures that environ- 
mental concerns are addressed. Guided by Corporate Stra- 
tegy, effective planning within the Division will continue to 
build in the flexibility needed to meet the needs of a variety of 
circumstance. Customer satisfaction, reliable supply, and 
reasonable cost will be the criteria for making decisions that 
are environmentally sound, technically reliable, and finan- 


cially feasible. | / 
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D. Mills 
Director 
Research Division 


RESEARCH DIVISION: 


ntario’s citizens want more than efficient, safe, and 

reliable electrical power supplied at reasonable cost. 
A more sophisticated public increasingly views the provision 
of electrical power as a service like any other to be judged on 
the basis of value added, not on the basis of price alone. A 
major concern is the environment, which cannot be seen as 
something to be traded off for the sake of progress. As 
Ontario Hydro’s Chairman and President, Robert Franklin, 
puts it, the condition of the “environment is a measure of 
society’s standard of living, rather than a good to be bartered 
or compromised for technological achievement”. 

It was against this backdrop of public concern, coupled 
with an appreciation of how macroeconomic trends and new 
technologies are revolutionizing the economy and the indus- 
trial structure, that Ontario Hydro revised its Corporate 
Strategy. Reflecting changes in customer expectations and 
the society it serves, the Strategy will guide the Corporation 
in its business activities through to the end of the century. 

The Strategy focuses on five key areas, which are custom- 
ers, demand management, supply management, the envi- 
ronment, and corporate management. The Research Divi- 
sion is strongly committed to this Strategy and what follows 
is an account of some initiatives undertaken in support of it. 

For Ontario Hydro, the provision of the greatest net bene- 
fit to its customers, both collectively and individually, and 
the pursuit of economic demand management options con- 
sistent with Government policy are highly interrelated. And, 
in 1984, when forecasts indicated a possible shortage of 
generating capacity in the 1990s, planning to meet increased 
needs resumed. Since then, considerable effort has been put 
into developing new approaches to help customers reduce 
their electricity costs without harm to the environment. The 
Process Metallurgy Project, a new Research and Develop- 
ment (R & D) activity conceived within the Divisional 
Projects Department and nurtured by the Metallurgical 
Department, is one which, while meeting the needs of 
Ontario Hydro’s customers, impacts significantly on both 
demand management and on environmental concerns. 

The Process Metallurgy Project signals a radical depar- 
ture from the type of work that has historically been under- 
taken by the Metallurgical Research Department. Rather 
than being concerned only with the enhancement of materi- 
als, components, and processes used for the generation of 
electricity, the project is aimed at improving the efficiency of 
energy utilization while assisting in the development of new 


production technologies. The objective is to allow Onta 
metal producers to maintain a competitive edge. 

An electric arc furnace was established to serve a: 
R & D facility in support of Ontario’s metal smelters 
melters. Built into the design of the facility is a great de: 
flexibility intended to meet the needs of the diverse app 
tions of electric furnaces in the many different segment 
the metallurgical industry. 

The first project to use this facility is one being un 
taken in cooperation with Falconbridge Ltd., a comp 
required by law to bring its sulphur dioxide emissions in 
with the requirements of the Provincial Government. Sev 
approaches were under study at Falconbridge. Howe 
what appeared to be the best approach to the problem 
found to increase energy consumption. As a response, 
Ontario Hydro furnace will be used to examine other v 
of dealing with the problem. The process finally sele 
must help minimize operating costs, thereby allowing 
conbridge to maintain its competitive edge. 

The renewed Corporate emphasis on efficiency and « 
servation has reinforced an already established directio1 
the Research Division. The Utilization Section of the E 
trical Research Department is actively playing the rol 
facilitator, consultant, researcher, and educator in the de 
opment of a number of new electrotechnologies. 

Using waste heat from one process as input to anothe 
an efficient and cost effective use of resources. Heat pu 
technology can be utilized to recover heat from air or w: 
flows. To further enhance efficiency, off-peak then 
storage can be implemented to complement the job. Foll 
ing the successful demonstration of this type of technolog 
the restaurant industry, a new project at Ontario Hyd: 
Orangeville Conference and Development Centre is \ 
underway. Waste heat from the dryer exhaust of the Cer 
will be used to heat wash water. A concomitant benefit is 
improved working environment achieved through sp 
cooling and dehumidification. Power demand reduction ; 
energy savings of 40 to 50 percent are anticipated. 

In the Corporate Strategy document, the need to prom 
customer awareness of efficient use of electricity and 
respond quickly to their requests for advice and assistanc 
stressed. The Research Division continues to emphasize t 
important strategic thrust; and tests, evaluations, < 
demonstrations have been conducted for over 60 Onta 
companies this year. Evaluations are conducted in cl 


‘iommitment to Strategy 


ooperation with industrial customers, and currently, appli- 
ations ranging from welding of jewellery with lasers to the 
reating of waste materials with microwaves have been 
nplemented. All applications have one thing in common: 
hey are intended to 
chieve the manufactur- 
r’s goal of lower produc- 
ion costs and Hydro’s 
oal of reducing demand. 
‘xamples of the imple- 
1entation of such tech- 
ologies include the suc- 
essful application of heat 
ump technology that 
ignificantly improved the 
uality of one food pro- 
essor’s product and that, 
t the same time, reduced 
is electricity bill by 
64 000 per year; micro- 
yave technology that 
llowed an automotive 
arts producer to deal 
vith waste materials, 
nereby reducing both his 
pace requirements and 
is labour costs; and the 
istallation of a dehumid- 
ier that allowed a cer- 
mics company to ex- 


uality and productivity. 


The eight departments of the Research Division are here represented by 
and because ofincreased their managers. From left to right: T.W. Klym (Civil Research); D.]. 
Dodd (Chemical Research); N. Anyas-Weiss (Divisional Projects); 
Work on power de- A.H. Chung (Operations Research); G.J. Clarke (Mechanical Re- 


ence also shows that a large fraction of problems arises from 
a small fraction of components. Ontario Hydro is thus pro- 
ceeding with a major program of life assessment. 


The Research Division believes that the solution to the 
problem of plant aging is 
the process of “finger- 
printing”. In this life 
assessment process, key 
components of plant are 
examined for signs of 
degradation so that con- 
tinued operation may be 
assured or, alternatively, 
needed replacements may 
be properly planned. 
Some years ago, the 
Research Division _ ini- 
tiated a program to up- 
grade the flexibility and 
responsiveness of _ its 
metallurgical evaluation 
capability, and this is of 
great value in the life 
assessment process. Trad- 
itionally, this type of eval- 
uation was destructive in 
nature, requiring the 
removal of each compo- 
nent for laboratory test- 
ing, microscopic exam- 
ination, and any other 
required testing. Now, 
new capabilities devel- 


aand reduction is not search); J.B. Brown (Divisional Services); A.F. Baljet (Electrical oped at the Research 


onfined to the industrial Research); J. Brown (Metallurgical Research). 


ector. Residential energy 
fficiency potential is being explored. There are 370 000 
lectrically heated homes in Ontario, representing a winter 
eak demand of almost 4 000 megawatts. The challenge 
rovided by a cold climate is to increase energy savings while 
ecreasing indoor air pollutant concentrations. A survey of 
000 electrically heated homes is underway to determine the 
otential for demand reduction and energy savings by using 
hermal envelope upgrading, energy efficient appliances, 
nd advanced window technologies. Even a modest pen- 
tration of such technologies into the existing market could 
rovide more strategic conservation than any other single 
ption. The ultimate result will be an increase in the health, 
yealth, and comfort of Ontario Hydro’s residential cus- 
omers, as well as more control over the demands made on 
he bulk electricity system and local distribution networks. 
Although demand management is the option of choice in 
lydro’s efforts to meet customer needs in a responsive way, 
Jorporate Strategy pays considerable attention to the neces- 
ity of rehabilitating aging facilities in an orderly and cost 
ffective manner. The Research Division recognizes existing 
acilities as the most important category of generating plant 
ver the next 20 years and also that rehabilitation of old 
lant is the more economic alternative to plant shut down. 
Experience teaches that the operation of a thermal plant 
yond its design life can result in reduced reliability attrib- 
table to sudden failure of critical components. But experi- 


Division allow the pre- 
paration of high-resolu- 
tion plastic replicas of metallurgical structures. 

A key advantage of the nondestructive technique is that it 
creates a permanent record of a microstructure, which can 
then be used for comparison when specific areas of concern 
need to be examined at future times. This new capability can 
be used in both the laboratory and the field setting, the end 
result being more reliable plant because of more efficient 
tracking and assessment of component integrity. The perfor- 
mance of these life assessments alongside the Division’s long- 
term R & D program allows enhanced utilization of 
resources leading to the increased precision with which 
repair and replacement decisions can be made. 

Like other types of power plants, nuclear stations are 
susceptible to aging. And because nuclear generation repre- 
sents the cleanest and, after hydraulic, the second most eco- 
nomic energy source in Ontario Hydro’s bulk electricity sys- 
tem, nuclear plant component aging is drawing a great deal 
of attention. After Darlington is fully in service, nuclear 
generation will account for about 60 percent of Ontario 
Hydro’s total energy production. Therefore the importance 
of securing the high performance and safe operation of 
Ontario Hydro’s nuclear stations cannot be emphasized 
enough. 

Within Ontario Hydro, research efforts directed toward 
ensuring the optimal performance of its nuclear plant are 
covered by the two components of the Nuclear Plant Life 


Assurance (NPLA) Program. One component of the 
program is committed to assure the life of Ontario Hydro’s 
nuclear plants during the normal service life of 40 years by 
maintaining their long-term reliability, availability, and 
safety. The other component concerns life extension, which 
preserves the option of extending the life of Ontario Hydro’s 
nuclear plant beyond a normal service life of 40 years. These 
objectives are consistent with the demands of Corporate 
Strategy, which emphasize that the reliability of Ontario 
Hydro’s existing nuclear facilities will continue to be impor- 
tant in meeting Ontario’s electricity requirements beyond the 
year 2000. The emphasis of the program at present is on life 
assurance. 

A nuclear plant has thousands of components, all of 
which age with time. The first step in the proposed NPLA 
methodology is to divide plant components into two cate- 
gories, critical and noncritical. Noncritical components are 
those that can be easily and economically replaced and criti- 
cal ones those that are neither easily nor economically 
replaced, the failure of which would impact negatively on 
the safety, reliability, and life expectancy of a plant. Based on 
specific selection criteria, the list of critical components is 
prepared and includes components such as fuel channels; 
steam generators; the calandria vessel, its supports and 
cooling system; primary and secondary heat transport pip- 
ing; vacuum building; and cables. 

The second phase of the program, “scoping”, serves to 
identify what needs to be done. For each critical component 
new initiatives required to achieve the following are 
identified: 


1. An understanding of the aging mechanism through an 
analysis of operating history; 

2. A condition assessment; 

3. An early detection and prediction of age-related 
degradation; 

4. A slowing down of age-related degradation through uti- 
lization of proper operating and maintenance procedures; 
and finally 

5. Restoration of lost performance through repair, refur- 
bishment, and replacement. 


The NPLA program is strategically important to Ontario 
Hydro’s future, and although much progress has been made 
toward understanding and managing the consequences of 
aging, not all aging-related issues are fully understood. 
Work still needs to be done in areas such as irradiation 
embrittlement of metallic components, assessment of con- 
crete aging, and development and validation of “remaining 
life” prediction models through laboratory and field testing. 
The Division’s R & D effort carried out in support of NPLA 
is therefore essential. Results of work done by other utilities 
are undeniably of benefit to Ontario Hydro’s program, but, 
because the CANDU system is unlike any other, Ontario 
Hydro, along with Atomic Energy of Canada Limited 
(AECL), must stand virtually alone. 

In terms of new supply options, Corporate Strategy 
demands that preference be given to developing non-utility 
and any remaining hydraulic sources. In addition to pursu- 
ing the development of new economically and environmen- 
tally viable locations, Hydro’s commitment to existing 
hydraulic facilities is reflected in the establishment of the 
Corporate Dam Safety Program. The Research Division, as 


part of the interdisciplinary dam safety team, has made 
major contribution in its provision of state-of-the art techn 
cal support. 

In the decades since Ontario Hydro’s water-retainin 
structures were built, evaluative techniques and equipmer 
have changed. Modern techniques are used to obtain appre 
priate strength parameters and to probe an existing dam fc 
weaknesses. Advanced in situ testing devices, such as th 
dilatometer and the piezocone for use in earth dams and tk 
Soniscope for use in concrete dams, can provide detaile 
information about a dam. 

Advanced drilling techniques, automated data acquis 
tion systems, and remote data transmission contribute si 
nificantly to the assessment of dam performance. These ne 
developments are vital in providing the information nece 
sary in the planning required to keep hydraulic statior 
operating safely and reliably. Maintenance and repair neec 
are also being served by the development of robots that ca 
be used to maintain vital pressure relief systems in previousl 
inaccessible dams. 

Ontario Hydro, accepting that no form of energy is env 
ronmentally benign, commits to design and execute it 
development plans in a way that ensures the continued vita 
ity of the ecosystem. Over the years, environmental concerr 
have grown in complexity, and no longer can an individu: 
agency proceed as if it alone were involved in a search fe 
information. Recognizing the efficacy of sharing expertise 
the Division has participated in collaborative environment: 
research involving networks of industrial, government, an 
university agencies for over ten years. 

The Research Division continues to investigate a numbe 
of options for controlling acid-gas emissions, and an act 
rain research program involving dry deposition measure 
ments and cloud modelling continues. 

Power plants emit nitrogen oxides (NO,), which ar 
photo-oxidants. Thus, Ontario Hydro is anxious to defin 
the role of NO, in the formation and behaviour of phote 
oxidants, some of which may play a key role in reactions thé 
lead to the formation of acid rain. The work of the Divisio 
is currently focused on making measurements of naturé 
NO, emissions; analyzing air samples for volatile organi 
compounds; measuring the size distribution and trace ele 
ment content of atmospheric aerosols; and measuring nitre 
gen dioxide dry deposition fluxes. Through direct dat 
analysis and the use of mathematical models based on thes 
measurements and the vast amount of data collected b 
other participants in the study, ozone concentrations t 
power plant plumes and in air masses that originate in differ 
ent areas can be determined. 

More so than any other environmental issue, the so-calle 
“greenhouse” effect has the potential to impact on the env: 
ronment on a global scale. Fossil-fuelled power stations em’ 
two “greenhouse” gases, carbon dioxide and nitrous oxidt 
The emission of these gases is being monitored. Preliminar 
results indicate that nitrous oxide concentrations are muc 
lower than the literature suggests. 

Another “greenhouse” gas, methane, is increasing its Col 
centration in the atmosphere at the unprecedented rate ¢ 
one percent per year. The reasons why are not clear, but tk 
Division is involved in a recently initiated Canadian Institu 
for Research in Atmospheric Chemistry (CIRAC) study th 
aims to determine the role of the vast Northern Wetlands | 


Canada, which are suspected of being a significant source. 

Also of great importance is Ontario Hydro’s nuclear 
waste management program. In 1978, the Corporation 
entered into a technical assistance program with AECL. 
Since that time, Design and Development — Generation, 
Nuclear Generation, and Research Divisions have been col- 
laborating in a work program that has developed significant 
capabilities in areas of nuclear waste management. As a 
result of this extensive involvement in the Corporate Pro- 
gram, the Division has developed initiatives in nuclear waste 
storage, transport, and disposal. 

Development of methods of high-level waste transport 
and extended storage is underway. Road, rail, and barge 
modes of transport are being evaluated, and a special cask is 
being developed intended for storage, transport, and dis- 
posal of nuclear waste. The objective is to create a container 
able to withstand shock, vibration, and heat. Studies of dry 
vault design and determination of the temperature limits at 
which CANDU fuel bundles can be held under dry storage 
conditions without loss of integrity are in progress. The 
focus of this latter endeavour is to provide the data needed to 
determine suitable disposal sites in geological repositories. 

Another major initiative arises from the decommissioning 
of the Nuclear Project Demonstration (NPD) generating sta- 
tion. The station makes available a major source of concrete 
that has been subjected to varied thermal and irradiation 
fields during the normal operation period of the plant. Con- 
crete cores have been retrieved from numerous locations, 
and now, the effect of radiation as well as high thermal fields 
on the performance of concrete containment structures can 
be assessed. This work is highly relevant to the evaluation of 
cement-based materials as engineered barriers for con- 
trolling the leakage of radionuclides. 

The Strategy document points out that the broad trends 
toward flexibility and innovation must spill over into the 
management of the Corporation itself. The strategic empha- 
sis is On providing opportunities and challenges to meet 
employee needs and on being at the leading edge of research 
and development of selected technologies beneficial to 
Ontario Hydro’s operations. Two examples serve well to 
illustrate the Research Division’s commitment, both to its 
employees and to the more global needs of the Corporation. 
These are the dual ladder career system and the Integrated 
Computing Environment (ICE). 

People are Ontario Hydro’s most valuable resource, and 
for an employee to feel challenged and appreciated, it is 
often necessary to create a working environment that meets 
individual needs. In 1986, with these needs in mind, the 
Division initiated a technical ladder system. The system is 
flexible, recognizing those Research Division staff who have 
consistently made outstanding contributions in the technical 
sphere. On the one hand, Research Division personnel have 
been able to make their way, traditionally, by promotion up 
the managerial rungs of unit head, section head, department 
manager, and director. On the other, nontraditionally, staff 
now may climb the technical ladder, starting with an entry 
level position and progressing through more senior levels to 
the positions of Senior Research Scientist or Engineer and 
Principal Engineer or Scientist. The latter two positions are 
equivalent to the section head and manager positions both in 
status and remuneration. 

In a world hallmarked by change, the technical ladder 


serves the strategic needs of the Corporation especially well. 
The advent of the CANDU reactor brought with it a whole 
set of new research questions and a much greater public 
awareness of environmental issues. Additionally, the 
amount of relevant research being done elsewhere is increas- 
ing dramatically, both nationally and internationally. The 
strong scientific reputation of employees on the technical 
ladder allows broad access to new information generated by 
peers in other research facilities. An additional benefit of the 
technical ladder is that the senior ranks on the technical 
ladder have access to, and can influence, the same decision- 
making bodies as their counterparts on the managerial lad- 
der. The result is enhanced communication that makes it 
possible for the Research Division to exert a great deal of 
influence both inside the Corporation and in the scientific 
community at large. 

Enhanced communication was also at the heart of the 
proposal for the implementation of ICE, a project designed 
to link researchers by linking computers and other electronic 
equipment throughout the Division and beyond. Like other 
Divisions faced with the problem of limited financial 
resources and the need to make sizable investments in com- 
puting resources, the Research Division had to assess how 
best to take advantage of emerging technology to enhance 
the capabilities of researchers and at the same time to facili- 
tate the overall administrative effectiveness of the Division. 
Because controlling costs, managing change, making the 
most effective use of Corporate resources, and taking advan- 
tage of new opportunities faster and more effectively all 
require the optimal handling of information, a project like 
ICE seemed both timely and relevant. 

Essentially, ICE will provide a data communication sys- 
tem similar to those already implemented in other parts of 
the Corporation. The benefits of such systems are enor- 
mous. The project is cost effective: it allows the sharing of 
expensive hardware and software, which in turn can be 
shared by many users. The project impacts on the Cor- 
poration’s business needs: by implementing a far-reaching 
and compatible network, a business culture can be unified 
while, at the same time, its complexity can be reduced. ICE 
will improve the quality of the working life of the Division’s 
employees: the system will aid in the organization and hand- 
ling of a steadily increasing amount of data, thereby reduc- 
ing the work load during the yearly planning cycle. ICE 
allows wider access to the Corporation at large: the delivery 
of critical data and expertise to and from the Research Divi- 
sion will be vastly improved, thereby benefitting situations 
of Corporate importance. ICE will allow the Division the 
opportunity to participate in, and exchange information 
with, the research community at large: it allows global 
access to information about current developments in high- 
interest areas. 

The Division’s vital role in helping Ontario Hydro effec- 
tively manage change in a future that remains uncertain will 
continue. Guided by the Strategy document, effective plan- 
ning within the Division will serve to build in the flexibility 
needed to meet the needs of a variety of circumstances. The 
principles of customer satisfaction, reliable supply, and low 
customer cost will be emphasized. In a time frame that is 
rapidly shrinking, the choices resulting from R & D will 
have to be environmentally sound, technically reliable, and 
financially feasible. 
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| CHEMICAL RESEARCH: 


he Chemical Research Department is a technical re- 

source that provides support to the Corporation in the 
areas of process and materials chemistry, chemical analysis, 
biology, and environmental science. A staff of about 140 
chemists, chemical engineers, biologists, and highly skilled 
technicians work on a research and development program 
involving scientific research, technical investigation, and 
problem solving. Comprehensive analytical and testing ser- 
vices are also provided by the Department. 

The research capabilities of the Department were en- 
hanced in 1988 by the acquisition of thermographic and 
X-ray equipment and associated image enhancement 
apparatus for the development of expertise in the nonde- 
structive evaluation of non-metallic materials. Analytical 
capability was increased with the addition of an inductively 
coupled plasma (ICP) arc spectrophotometer and new mass 
spectrometer equipment. 

Almost one-third of the Department’s resources are 
invested in support of the Corporation’s nuclear commit- 
ment. This work is wide in scope, ranging from research 
dealing with nuclear waste management options to mod- 
elling the potential spread of contaminants after a simulated 
loss of coolant accident. A significant effort in support of 
nuclear generation deals with maintaining steam generator 
tube integrity. 

Degradation of steam generator tubes, which may result 
in leaks of primary coolant, is a major concern in the 
operation of nuclear plants. Although Ontario Hydro’s 


CANDU reactors have been world leaders in_ stea: 
generator integrity, a long-term research program is beir 
carried out to anticipate problems that may occur and 1 
develop remedial measures to avoid or minimize their cons 
quences. Emphasis in 1988 was on the introduction of fie 
studies of the condensate, feedwater, and steam generat 
water chemistry. The major objective of the chemistry co! 
trol program is to minimize the rate of ingress of impuriti 
into the steam generators. Transport studies to determine th 
sources of corrosion products in the secondary circuit durit 
steady operation and during system transients, such as star 
up, shut-down, and load-following, have been done. 

At Pickering NGS, sampling has been started to dete 
mine morpholine levels in the various units and to monit 
the concentrations and distributions of its decompositic 
products. Additionally, the impurities released to the bu 
water during unit shut-down have been studied. The result 
a better understanding of the chemistry in the crevice regic 
during operation. This shift in emphasis from the laborate 
to the field should result in immediate benefit to the statio’ 
in that secondary system chemistry will be optimized. | 

Also at Pickering, during the major retubing operatio} 


that started in 1985, work in Units 1 and 2 was impeded | 
unexpected contamination from carbon-14 in the form of } 
easily dispersed fine black dust. Research studies show! 
this to be a carbon-nitrogen polymer. Further research estar 
lished that oxidation of the carbon-14 could reduce possil: 


contamination during the retubing of Units 3 and 4. Sub? 
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juent trials of oxygen introduction into Unit 4 showed that 
oxidation rates were enhanced by radiolysis; however, com- 
slete system decontamination could take considerable time. 
Therefore on-power oxidation will be combined with a con- 
inuous on-line “CO, capture system developed by the 
chemical Research Department and modified for installa- 
ion on the Units 3 and 4 annulus gas systems. This removal 
system will be installed on Pickering Unit 3 before the end of 
1988, and long-term oxygen-injection tests with ‘CO, 
nonitoring will be undertaken. 

The reactor waste management research program under- 
00k characterization of the different waste streams in terms 
of their chemical and physical composition, activity level, 
and radionuclide inventory. Knowledge of these waste 
characteristics is of use to both Design and Operations Divi- 
ions. It allows the determination of processing equipment 
and storage structure requirements and the establishment of 
he hazard levels of various wastes and the time it takes for 
hem to decay to a non-active status. Additionally, the 
nowledge allows the determination of the radioactive 
nventory in storage and the determination of any special 
lisposal precautions that might be required. 

_ Techniques to immobilize and package tritiated wastes 
‘Or storage and disposal were studied. The wastes that could 
“ome from the Darlington Tritium Removal Facility include 
vaste water, oil, and metallic components. Once condi- 
ioned by immobilization, the amount of tritium released 
laily by leaching should be less than 0.001 percent of the 


initial amount, and the waste package should retain its 
integrity for 150 years. The research showed that immobi- 
lization alone could not retain the tritium adequately, but 
that the use of 1-cm thick high-density polyethylene contain- 
ers gave more than adequate retention of tritium and, being 
corrosion resistant, should provide the desired containment 
life. 

Research studies in the Environmental Program area 
range from monitoring the effects of Ontario Hydro’s 
operations on ecosystems and assessing the impact of envi- 
ronmental changes on its activities, through meeting new 
regulations for air and water quality, to developing means of 
controlling environmental emissions. 

To improve the ongoing aquatic surveys at generating 
facilities, more efficient sampling techniques are being devel- 
oped. Emphasis is being placed on non-consumptive and 
remote sampling systems. Options such as radiotelemetry 
and acoustic sampling are being actively pursued and are 
expected to figure prominently in studies of fish populations 
and their movements. Enhancements to existing sonar sys- 
tems coupled with the application of artificial intelligence 
concepts have provided encouraging laboratory results. In 
the future, the ability to distinguish fish from debris by 
means of sonar techniques, and even to differentiate be- 
tween species of fish, appears promising. If successful, the 
expected application of these techniques will make future 
surveys more effective, environmentally more acceptable, 
and less costly. 
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During 1988, work in the environmental emissions area | system under icing conditions is of considerable concer 


concentrated on the reduction of acid-gas precursors. A 
more extensive account of some of the Department’s activi- 
ties in the environmental area is to be found in the earlier 
article concerning the Division’s contribution to Corporate 
Strategy. 

A program to develop the furnace limestone injection pro- 
cess for reduction of SO emissions from coal fired plants 
yielded results that could lead to a low-cost process for con- 
trol of NO, emissions. In the conventional limestone injec- 
tion process, it is known that wetting the material down- 
stream of the furnace improves both the efficiency of SO, 
removal and the capture of waste in the electrostatic precipi- 
tators. Now, studies of the injection of limestone directly 
into the furnace in the form of a slurry, which contains a 
special reducing agent that reacts with NO to produce Np, 
show not only up to 70 percent SO) capture, but also up to a 
90 percent reduction of NO, emissions. If further pilot-scale 
and full-scale tests are equally successful, this process could 
provide a high-efficiency NO,-control option many times 
less expensive than currently available technologies. 

The reliability of Ontario Hydro’s 500-kV transmission 


Over the last few years, a number of flashovers ha 
occurred, the most serious in March 1986, when the syste 
was shut down during conditions of fog at sub-zero tel 
peratures and during rising temperatures. The mechanis 
of ice formation under these conditions was investigat 
in the laboratory at the University of Quebec. A paral 
study of the environmental conditions associated wi 
flashover events was carried out in the Chemical Resear 
Department. 

The University of Quebec study demonstrated that t 
increased water conductivity on the surface of icicles and 
melt water decreased as melting progressed. The Chemiz 
Department’s related environmental study involved the sal 
pling of a number of fogs and the subsequent determinati¢ 
of their chemical composition and conductivity. Frequent: 
very high conductivities were found. These data suggest th 
fog may be an effective medium for icing, wetting, and cc: 
taminating insulators. The slow melting and thawing of is, 
which is produced by water deposited by fog, generate? 
highly conductive liquid film on the surface of insulato. 
Further study of these processes will allow the developmet 
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of engineering or operational solutions to the problem. 

The Chemical Department supports the Corporation’s 
commitment to more efficient use of electricity and the 
byproducts of its production. To better utilize the inventory 
of heavy water, its potential non-nuclear use in the manufac- 
ture of deuterated materials is being investigated. This 
research has demonstrated that the substitution of deu- 
terium for hydrogen can improve the oxidation resistance of 
many oils, greases, and polymers. Evaluation of several 
deuterated materials has shown that, with this substitution, 
the service lifetime of polymers can be increased by a factor 
of three and that of oils by over one hundred times. These 
improvements in performance can be obtained with any 
material that degrades by the oxidative breaking of carbon- 
hydrogen bonds, thus opening up many potential applica- 
tions for heavy water use. 

In support of the commitment to better utilize the by- 
products of electricity production, research was undertaken 
to assess the feasibility of developing a commercially viable 
Malaysian prawn aquaculture scheme. This particular spe- 
cies of prawn was chosen because of its marketability, rapid 
srowth rate, its large size, and its requirement for warm 
(27° to 30°C) water. Early stages of this research dealt with 
the improvement of food and space utilization. During the 
ag year emphasis was placed on population characteristics 
to ensure uniformity of size. 

_ In 1988, the results of the prawn research were applied in 
oscil greenhouse demonstration with impressive results. 
I he system that was tested yielded production rates equiva- 
‘ent to almost eight metric tons per hectare per year, which is 


about eight times the global average. In addition the prawns 
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developed to a marketable size in six months, half the com- 
mercial rate. The average prawn was 23 grams as compared 
with shrimp, which are typically harvested at 17 grams. 
Ninety-five percent of the animals were over 15 grams. Con- 
tinuing research may improve on these results. Currently a 
financial study is being carried out, and if warranted, the 
feasibility of a pilot-scale plant will be considered. 

Research aimed at more efficient use of electricity in the 
industrial sector is the subject of a project shared between 
Ontario Hydro and the University of Toronto. The aim of 
the project is to develop thin-film electrocatalysts that have 
high electrical conductivity and that exhibit electrocatalytic 
behaviour toward oxygen. The project uses special metal 
targets and sputtering. Sputtering is a process that allows 
small amounts of ionized gases to act as electrolytes for the 
transfer of metal ions in controlled environments. So far, a 
number of new materials have been fabricated, and charac- 
terization of their properties indicates that researchers are on 
the right track. Successful results could lead to inexpensive 
and highly efficient, oxygen-reducing electrodes with the 
potential to provide the electrochemical industry with large 
energy savings. 

Concerns related to improving the reliability of Hydro’s 
aging system components, plant life extension, and nuclear 
plant life assurance increased in 1988. Additionally, a 
greater awareness of environmental issues related to radio- 
active and hazardous waste management, climatic change, 
and electric and magnetic fields emerged. Many of the 
Department’s activities are designed to address these issues. 
This indicates a challenging and interesting 1989 for the 
Chemical Research Department. 


CIVIL RESEARCH: 


ince 1919, when the Civil Research Department was 
kJ involved in developing the revolutionary water-to- 
cement ratio concept for mix proportioning of concrete, it 
has enjoyed an international reputation for excellence and 
innovation. Today this reputation is maintained in the 
course of meeting the stringent high standards of durability 
and performance required for the optimal and safe perfor- 
mance of Hydro’s hydraulic, thermal, and nuclear stations. 

The Department is considered to have one of the best- 
equipped cement and concrete laboratories in North Amer- 
ica. In these laboratories, world class researchers are active 
in developing Canadian and international standards and in 
testing cement and concrete for the Canadian Standards 
Association (CSA), the American Society for Testing and 
Materials (ASTM), and the American Concrete Institute 
(ACI). 

The laboratory is equipped to perform standard and spe- 
cialized tests to determine interaction between cements, 
aggregates, admixtures, and external environmental condi- 
tions. The Department also has access to Divisional facilities 
in analytical chemistry, electron microscopy, and thermal 
and x-ray analysis. 

Since 1920, all materials to be used in concrete destined 
for major construction projects have been subjected to pre- 
testing. Ontario Hydro is the only Canadian agency that 
independently analyzes the quality of cementing materials. 
Because of the large number of potentially unsuitable 
sources in all areas of Ontario and Ontario Hydro’s empha- 


sis on rehabilitation programs for older hydraulic structure 
petrographic and physical testing of potential concre 
aggregate sources has received renewed attention. Additio1 
ally, ACI-certified concrete inspectors provide on-site it 
spection and testing of concrete for conformance with pre 
ject specifications and quality assurance. In 1988, for exan 
ple, during the construction of the Darlington Nucle 
Generating Station, approximately 75 000 cubic metres ¢ 
concrete were inspected. Inspection and testing services wel 
also provided by Civil Research personnel at Cedars Chat 
nels Dam and Crystal Falls GS. 

For specialized applications, such as are necessary t 
assess the penetration of aggressive substances through cor 
crete, research facilities are available for the measurement ¢ 
permeability and pore size distribution. Additionally, stuc 
ies were undertaken to develop concretes for specific appl 
cations in hostile environments produced by exposure t 
temperature extremes, acids or sulphates, and radioactiy 
wastes. Concretes for special applications such as hig! 
density shielding, massive sections, and heavily reinforce 
structures were also developed. | 

A large, well- equipped concrete structural laboratoj 
provides for proof testing of prototype structural comp! 
nents; a reaction-frame system permits an almost infin 
variety of test configurations supported by servo-controll¢ 
load actuators and extensive instrumentation and dal 
acquisition capabilities. The equipment has been used fi 
projects as diverse as testing the effect of thermal gradier) 
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m concrete used in nuclear stations and determining the 
ffectiveness of shear keys in waterstops. 

The Civil Research Department continues to provide con- 
ultation services and to review historical data for the Cor- 
orate Dam Safety Program. Additionally, the Department 
vas involved in the assessment and refinement of nondes- 
ructive testing techniques for locating zones of anomalous 
haviour. In situ testing techniques for assessing material 
roperties were also pursued. 

Nondestructive evaluation of the integrity of Ontario 
Tydro’s older concrete structures is an important activity. In 
988, work was done in this area at Ear Falls GS, at DeCew 
‘falls GS, as well as at transformer and major thermal sta- 
ions. Methods of nondestructive testing included visual and 
microscopic inspection, ultrasonic testing, and electromag- 
etic location of steel reinforcement in concrete. The in situ 
trength of concrete was determined by the impact hammer, 
y Windsor probe, or by pullout tests. 

Concurrent with investigations assessing the need for 
e€pair, new instrumentation was installed at R.H. Saunders 
38. At this station, a void was detected at a depth of 58 
metres, necessitating a new approach to the investigation of 
he foundation. An echo-sounding device was adapted for 
vorehole operation and a strain gauge disc was adjusted for 
aaking measurements in the borehole. With the help of 
hese devices and a TV camera capable of accessing the bore- 
‘ole, valuable investigative information, such as the shape 
nd extent of the void as well as any surface features indicat- 


ing possible dissolutioning of mineral intrusions in the rock, 
was obtained. The closed-circuit borehole camera was also 
used to investigate concrete conditions within the dams and 
rock conditions below the dams at Sandy Falls GS, Crystal 
Falls GS, and Ear Falls GS. 

Dam safety assessment requires the testing of the shear 
strength of rock and concrete interfaces at dam foundations. 
At Stewartville GS and Hound Chute GS, values were 
obtained using direct shear equipment in the rock mechanics 
laboratory. An example of this technique is the use of the 
Soniscope to evaluate the integrity of concrete in hydraulic 
structures. 

One innovative project of current interest is the develop- 
ment of a high-pressure water jetting device for cleaning 
plugged drains in concrete dams. Frequently drains get 
plugged with debris, which can lead to increased uplift pres- 
sure and potentially hazardous dam safety conditions. To 
counter these adverse effects, relief holes are drilled in the 
dam or water is applied under pressure to the drain from the 
crest of the dam. The concept under development in the Civil 
Research Department uses water jetting with concomitant 
high pressure (up to 35 000 psi), which is generated directly 
inside the drain rather than in the equipment servicing the 
water jetting device. Advantages of this method are greater 
efficiency, enhanced safety, and the ability to use higher pres- 
sure because high hydraulic pressures need not be trans- 
mitted over long distances. 

Remote monitoring software developed in the Division 
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A universal testing machine is used to assess the shear capacity of a construction joint containing polyvinylchlorine (PVC) wate 
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stop, which is used in nuclear containment structures to prevent leakage. 


continues to be used to monitor the stability of the rock cliff 
situated above Ontario Power GS, as well as to monitor the 
drain flow at Stewartville GS. 

Participation in transmission line refurbishment studies 
included the evaluation of the condition and the load carry- 
ing capacity of foundations for transmission towers con- 
structed more than 30 years ago. These studies provide a 
greater insight into the life expectancy and reliability of old 
lines. Probability-based calculation methods were adapted 
for design of transmission tower foundations. 

Organic and inorganic materials, suitable for new con- 
struction and repair of structural elements of transmission 
tower foundations, are evaluated on a routine basis. For 
example, a very low-temperature polymer concrete was 
recently developed for use in severe weather conditions with 
temperatures as low as minus 25°C. Additionally, some spe- 
cialized tests have been developed to meet Ontario Hydro’s 
needs. 

In the area of thermal plant waste management, the Civil 
Research Department continues to provide specialized geo- 
technical and hydrogeological research and consulting for 
the management of wastes and byproducts from Ontario 
Hydro’s coal fired generating stations. Laboratory and field 
projects were conducted to investigate the movement of con- 
taminants within the soil and rock strata beneath a coal ash 
lagoon at Nanticoke TGS. Innovative utilization options 
were assessed for dealing with the coal ash produced at 
Lakeview, Nanticoke, and Lambton TGSs. Typical ap- 
proaches are the use of cement-stabilized fly ash as a poten- 
tial fill material along a lake shoreline and the use of fly 
ash for soil amendment. Field investigations and monitor- 
ing were carried out to obtain useful data for the design of 
long-term fly ash mounds and for fly ash dust control. 
Several studies were completed with the objective of utilizing 
Flue Gas Desulphurization (FGD) byproducts, some of 
which may be produced at the coal fired stations in the 
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1990s. Evaluation of environmental consequences of co: 
taminant migration and the development of waste dispos 
systems were the focus of much of our research in this area s 
as to minimize possible environmental impact from was 
materials. 

Civil Research Department continued to support researc 
and development efforts related to medium- and high-lev 
radioactive waste disposal. Through Ontario Hydro’s Tecl 
nical Assistance Program (TAP), which supports the wast 
management program being carried out at AECL an 
Whiteshell Nuclear Research Establishment (WNRE), stuc 
ies are ongoing in the near-field heat and moisture modellin 
experiment. The intention of these studies is to develop 
reference design for the underground disposal of irradiate 
fuel wastes. Additionally, studies are being carried out t 
investigate the hydraulic compression behaviour of sha 
backfills. Ontario Hydro’s technical expertise in therm: 
modelling was sought by AECL/WNRE for their Unde 
ground Research Laboratory (URL) experiments. The: 
experiments are being carried out near Pinawa, Manitoba. 

Although adequate methods exist for measuring the mag 
nitude and orientation of strain, the design of undergroun 
excavations requires knowledge of in situ stress. Thus, th 
occurrence of high stresses in AECL’s URL prompted th 
development, in the Civil Department, of a direction 
dilatometer for making in situ measurements of rock mo 
uli. However, the rock modulus, which is a value needed ff 
the calculation of stress, is measured in an isotropic mann 
rather than in relation to the in situ stress. This new instr/ 
ment will enable a more exact calculation of the in sif 
stresses acting on an underground repository, which will | 
turn contribute to the increased safety of the excavation. 
situ measurements obtained with this new instrument we 
used to optimize the siting of the long-term storage facility 
Bruce NGS “B”. | 
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icks in chimney no. 2 of Lakeview TGS necessitate structural repair. Here, structural restoration is accomplished through the 
bection of the concrete chimney, which is followed by epoxy injection. 


DIVISIONAL PROJECTS: 


he Divisional Projects Department creates and main- 

tains connections between various groups within the 
Division, within the Corporation, and with groups external 
to the Corporation. The Department’s work falls into three 
broad categories, which are as follows: new technology ini- 
tiatives, research management studies, and research business 
support. 

In the area of new technology initiatives, the Department 
identifies areas of interest to groups within Hydro and to 
external organizations. A coordination and liaison function 
is then carried out to further the creation of joint research 
projects. To achieve this cooperation, advice and resources 
must be drawn from within the Research Division and 
the Corporation at large, as well as from industry and 
government. 

In 1988, emphasis on the Division’s participation in the 
development of electrotechnologies of value to Ontario 
industry continued. Examples include coordination of the 
plasma arc and advanced ceramics programs. In cooperation 
with the Metallurgical Research Department and the Mar- 
keting Branch, a research project in process metallurgy was 
established. An additional program involving the Ontario 
steel industry was initiated, and this project works toward 
the production of steel with concomitant reduced CO, 
emissions. 

Another initiative, started last year, was in the area of 
industrial laser research. Out of this research grew the cre- 
ation of the Canadian Industrial Laser Association. Connec- 
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tions with York University and the Laser and Lightway 
Centre of Excellence are being maintained, and a propos 
for the creation of a Network of Excellence in the area « 
high-powered lasers has been submitted. 

To strengthen and broaden the Department’s ability 1 
create new initiatives, one of the Division’s Senior Resear 
Scientists was given a cross-appointment between Chemic: 
and Divisional Projects Departments. The result was tk 
development of an initiative to look at Ontario weather dat 
from the past. Based on these data, potential climat 
changes attributable to the “greenhouse” effect will | 
assessed. 

The coordination of, and influence over, joint researc 
activities has been increased by having members of the Di 
partment sit on either the Board of Directors or the Indu: 
trial Advisory Board of a number of organizations. Th 
Ontario Centre for Materials Research (OCMR), th 
Ontario Laser and Lightwave Centre of Excellence, th 
Canadian University and Industry Council on Advanc¢ 
Ceramics (CUICAC), and the Advanced Materials Technic 
Unit (AMTU) at Queen’s University are some of these org 
nizations. The scientific and engineering excellence of tl 
involved staff members is maintained through Adjunct Pr, 
fessorships held at the University of Toronto and at Yo’ 
University. 

In February of 1988, in the area of Research Manageme 
Studies, a paper on the Research Planning Process, whi 
was developed within the Division, was presented at th 
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First International Conference on Technology Management. 
The preparation of the 1988 Notable Accomplishment 
Report was started. This report is fashioned along the same 
lines as the one issued in 1984, which was very well received. 
Reports of this nature provide an important vehicle for a 
research organization such as this to demonstrate ongoing 
contributions of value to its parent organization. 

To assist in the management of the Division’s activities, a 
number of Standing Instructions were revised; one of these 
concerned the patenting of Research Division inventions. 

In 1988, a new and more integrated approach was taken 
to the creation of the Division’s 1989 to 1998 Business Plan. 
The approach involved the Divisional Projects Department 
in a coordinating role. The experience gained led not only to 
improvements in the plan but also in the process for its 
preparation. 

The Artificial Intelligence (AI) Newsletter, which now has 
a new look, continues to serve as an up-to-date information 
device. The newsletter is of benefit to the Al community 
within Hydro as well as to the community outside, and the 
circulation of the Newsletter is increasing steadily. Neural 
networks continue to represent an important advance in Al 
technology. As part of a Divisional initiative, a neural net- 
work AI system has been acquired and will serve as a tool to 
vestigate its applicability to a variety of pattern recognition 
oroblems faced by Hydro. 
| As part of the research business support work, the 


Department provides assistance to the rest of the Division in 


the area of external contracts. This support includes the 
maintenance of Research Division information in a number 
of data bases, the upkeep of bidders lists, and liaison activi- 
ties with contracting organizations. The Department also 
serves as a clearing house for external requests for proposals. 

Again in 1988, the Department arranged over 30 tours of 
the Division. Visitors ranged from scientists and managers 
from utilities world-wide, through political dignitaries, to 
young high school and university students. Larger tours 
have also been arranged for members of scientific and tech- 
nical societies. These activities are most positive in that they 
raise the profile of both Hydro and the Division in the eyes of 
the public. 

The 1987 Research Division Annual Report, which con- 
tained a historical review of the Division’s activities over its 
first 75 years of existence, is a typical example of the fine 
reports and brochures produced by the Department. 

A number of technical information sheets, such as are 
typified by the REDIFAX, were produced with the help of 
Divisional Services Department. A new fact card targeted at 
visitors to the Division, Pocket Facts, was also introduced in 
1988. The card is so designed as to allow it to double as a 
name tag. 
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DIVISIONAL SERVICES: 


he function of the Divisional Services Department is 

A. to offer support to Ontario Hydro’s Research Divi- 
sion. It provides services including report production; busi- 
ness administration; financial reporting; records, space, and 
safety management; printing and clerical services; model 
shop production; drafting; photography; payroll; and edito- 
rial services. During 1988, the Department continued to 
expand and upgrade its services in order to supply more 
efficient and innovative assistance to meet the varied needs 
of the Research Division. 

In the Business Administration Section, the Records Man- 
agement Program is proceeding smoothly. All Section and 
Department files in the Mechanical Research Department 
have been converted to a standard Corporate General Sub- 
ject Index and modified, when practical, to satisfy user 
needs. The Chemical Research Department’s administrative 
files had all been converted to the Index by the end of 1988. 
Thus far, the revised file numbering system has gained popu- 
lar acceptance by users. Some additional results of the new 
system and procedures include a reduction in filing space 
through the elimination of duplicate copies and older files, as 
well as improved access to more current files. 

Recently, a medium-volume photocopier was added to 
the Photocopy Centre. The new machine provides a backup 
resource comparable to the already available high-volume 
copier. Both machines ensure a high-quality copy for inter- 
nally produced Research reports. 

This year saw the introduction of broadcast video to the 
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Division. Video presentations have travelled to China in aic 
of CIDA-EPCRI, whereas more locally they have informe¢ 
employees with a series on retirement planning. The produc- 
tions are ongoing; in the latter part of 1988, a video produc- 
tion was completed that not only describes how the Division 
functions, but also provides a historical overview of the Divi- 
sion’s growth and development. The video production is of 
particular interest in that it includes considerable original 
historical footage discovered only accidentally by Divisional 
Services personnel engaged in researching the production. 
This video production will be used in the orientation of new 
employees and in the promotion of the Division’s work 
internationally. 

One event of particular interest concerned the Photo- 
graphic Services Section’s involvement in recent cask- 
coupler impact tests. When asked by the Nuclear Materials 
Unit to aid in recording data during a major nuclear cask 
qualification test, the section responded by developing; 
remote-controlled photographic techniques for use in haz 
ardous environments. Cameras wired to a custom-designe 
remote-control board allowed film to be shot in high-spee 
16-mm, 35-mm, and motion picture formats. All three for 
mats were successful. 

The Research Publications Office has had a busy year. I 
addition to putting out a special anniversary edition of th 
Research Annual, the office was involved in developing an, 
publishing promotional material for the Division. Offic 
staff did much of the background research necessary for th) 
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rientation video and were responsible for the writing of the 
ound track. 

The most recent publication to come out of the Research 
ublications Office is the first in a series of bookmarks 
esigned to inform personnel of the services offered to the 
esearch Division by the Divisional Services Department. 
‘he reverse side of each bookmark gives an anecdotal ac- 
ount of the contributions made to the Division by a signifi- 
ant Hydro figure. Other series are planned. Besides work- 
1g On promotional material, the Research Publications 
)ffice provided editorial support during the compilation of 
ne Division’s Annual Business Plan and the Annual Budget. 
he Office looks forward to reviving the currently dormant 
Research Review” as soon as possible. All aspects of the 
fforts of the Research Publications Office are expected to be 
nhanced in 1989 by the recent acquisition of a sophisticated 
esktop publishing system. 

The Drafting Office’s improvements, begun in 1987, are 
Ontinuing. A major innovation is the extensive use made of 
ne Super Mac II and AutoCad systems, both of which facili- 
ate all aspects of drafting, design, and illustration. Revi- 
ions can be done quickly, the line work and text always 
eing clear and consistent. 

In addition to its customary duties, the Drafting Office is 
roviding designs to improve the decor and the work envi- 
onment of the Division. With the aid of Building Services, a 
aural was executed for the Nondestructive Fracture Evalua- 
ion (NDFE) Section. The design was tailored to the needs of 
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the laboratory personnel. Other projects are being planned 
and will provide additional working areas with a “face-lift”. 
Colour schemes are being coordinated with office furniture, 
and photographs and mural paintings will be incorporated 
to reflect the work histories of particular sections. 

The Model Shop has significantly upgraded its support 
capabilities. This has been achieved through the acquisition 
of new equipment, tooling, and increased interaction and 
feedback between customers and staff. With higher accuracy 
as a goal in the upgrading process, machines have been 
replaced, numerical control equipment has been introduced, 
and all machine tool axes have been equipped with linear 
encoders. 

Within the Research Division, the facility has met many 
requests for the machining and development needs related to 
zirconium metallurgy; tritium technology; mechanical test- 
ing; applied mechanics; inspection instrumentation; mat- 
erial transport; and electrical, transmission, microwave, 
bioelectromagnetic, chemical, biological, environmental, 
physical science, and civil studies. Examples of these activi- 
ties include the fabrication of a pressure tube burst-test facil- 
ity, an ultrasonic inspection tank, x-ray-induced partial dis- 
charge apparatus, rat cage enclosures developed for the 
Biological Effects of Electro-Magnetic Fields (BEEF) study, 
microwave guides, rotators for fuel bundle inspection, ring 
gaps, fatigue test apparatus, fuel channel resistivity probes, 
and carbon-14 monitors. 
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BA Research Department are mainly focused on providing 
Ticwes for the bulk power system and the municipal distri- 
bution systems. The Department, which has a staff comple- 
ment of 86 professionals and 67 technical and administrative 
support staff, is also engaged in comprehensive studies of 
new techniques of benefit to the Corporation and its cus- 
tomers in both the near- and long-term. What follows is an 
overview of some departmental activities of major interest. 
In 1988, in consideration of the financial and environ- 
mental constraints imposed on the Corporation, a major 
share of the Electrical Research Department’s resources was 
directed toward maintaining a secure power system. As part 
of this effort, stability control continued to play an impor- 
tant role for Ontario Hydro’s power system, which is limited 
by its transmission capabilities. New power system stabiliz- 
ers were installed for hydraulic generators and for the 
enhancement of the control systems of nuclear and fossil- 
fired units, thereby allowing a greater contribution to the 
damping of all modes of system oscillation. Further benefits 
are also expected from the development and validation of 
better theoretical models of large power system components. 
Because Hydro’s power system is being operated so close 
to its limit, it is imperative that any disturbances that do 
occur be analyzed and understood. To this end, a power 
system disturbance recorder has been developed that can 
record voltage and power swings during such disturbances. 
Data obtained with this recorder are being collected for sub- 


sequent analysis. Once stored in a computer-based syster 
the data can be accessed remotely over telephone lines ar 
then analyzed with a view to implementing measures | 
improve system performance. 

To address increasing concerns expressed by the indivi 
ual as well as by commercial and residential customer 
modelling studies were extended to assess the effect of a 
furnaces on voltage flicker. A new modelling study, deve 
oped for the CEA, will provide an essential tool when pr 
posals for arc-furnace installations are being evaluated. 

Recognizing the need to predict and understand the pe 
formance of complex power systems, the Electrical Resear 
Department continues its participation in an internation 
project aimed at the development of comprehensive mode 
of the transient performance of large power systems. Cu 
rently underway is a cooperative effort to develop and va 
date a transformer model. 

Another analytical study, one with potentially fé 
reaching consequences, involves the evaluation of econoni 
benefits that can be derived from a new low-loss trar 
mission line conductor. The evaluation shows that, if, int} 
coming decades, these conductors were to be universa 
adopted in Canada, the reduction in transmission loss 
could result in significant dollar savings and deferment 
several hundred megawatts of generation. Additional 
adoption of these new, compact conductors would not res| 
in additional costs to the Corporation. 

The CEA and the EPRI continue to contribute significil 


20 


[ 


unding to Hydro’s electrical R & D program. In addition, 
ther organizations — which include the Canadian Fusion 
‘uels Technology Program, COG, the Municipal Electrical 
\ssociation, and some American utilities — provide funding 
O specific research projects of benefit to both the funding 
ganization and Ontario Hydro. Whereas most of these 
xternally supported studies addressed near-term problems, 
onger-term concerns are receiving increasing attention. 

One area of theoretical research, the introduction of arti- 
icial intelligence to power system operation and main- 
enance, shows great promise. In addition to the Generator 
ixpert Monitoring System (GEMS) now being developed 
or EPRI, other useful explorations focus on intelligent 
nobile robots with applications for maintenance in haz- 
tdous locations. This latter project is collaborative, involv- 
ng AECL, the University of Toronto, and York University. 
Mlost of the funding will come from Precompetitive Applied 
Xesearch Network (PRECARN) Associates, a non-profit 
onsortium of Canadian industrial companies. 

Whereas better analytical techniques are becoming in- 
reasingly important in deriving maximum benefit from new 
echnologies, much attention is focused on the performance 
ind improvement of power system components. Currently, 
he Electrical Research Department is participating in a mul- 
idisciplinary research program with the Chemical Research 
Jepartment, the Metallurgical Research Department, 
AECL CANDU Operations, and AECL Research Company 
O assess a new technology with the ability to detect and 
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locate minute leaks in reactor pressure tube systems. The 
project, which is funded by COG, is currently involved with 
assessing the ability of state-of-the-art diode lasers to detect 
heavy water via absorption spectroscopy. 

Of continuing interest is the behaviour of high-voltage 
insulators under severe weather conditions. Studies on insu- 
lator behaviour began in 1986 as a response to serious con- 
cerns about the reliability of the power system under specific 
weather conditions. At that time, the performance of high- 
voltage insulators used in transformer stations and on 500- 
kV transmission lines was studied both during and after ice 
storms. Now, in cooperation with the Power System Opera- 
tions Division, the program has been expanded, and stations 
and transmission insulators are tested in a wider range of 
simulated weather patterns. The objective of this broader 
study is to establish well-supported performance character- 
istics that can then be used in the making of operational 
decisions about “safe posture” procedures needed to ensure 
secure power delivery under adverse conditions. 

To ensure experimental repeatability and to permit 
accurate formulation of new test standards, much attention 
was given this year to making improvements in the design 
and operation of the Division’s High-Voltage Laboratory’s 
test chamber. Now the chamber can accommodate careful 
control of temperature, humidity, precipitation rate, droplet 
size, wind speed, and wind direction. This upgraded labora- 
tory, with these highly specialized climate controls, is now in 
continuous use and will likely become essential for establish- 
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The process of removing a calandria tube ina CANDU reactor is as follows: The rolled joint (1), which holds the calandria tu 
firmly in place, is rapidly heated but cannot expand in the cold surrounding tubesheet. After cooling, the calandria tube shrin 
and can be readily removed. The carefully controlled “shock heating” process is performed with a mobile high-frequency pow 
supply (2) and a water-cooled induction coil (3). 
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A 500-kV load break interrupter is undergoing a bias voltage test. 


ng new insulator test specifications and for developing new 
insulation designs to meet winter performance specifica- 
ions. The absence of a meaningful winter performance 
specification for high-voltage insulators at present can be 
attributed to the lack of adequate testing facilities. 

Whereas outdoor insulation reliability is mostly a concern 
of northern climates, the performance of enclosed high- 
voltage insulation systems is receiving increasing attention 
among all major utilities. During the past two decades, 
many promising, but untried insulation techniques have 
been introduced in power equipment and underground 
cables. In general, manufacturers, as well as utilities, have 
moved cautiously; in final analysis, however, only operating 
experience itself can establish the success of new technology. 
This is particularly true for highly stressed compressed-gas 
insulation systems that are used in switchgear at voltages of 
230 kV and above. To reduce the risk of unexpected operat- 
ing problems as much as possible, Ontario Hydro has main- 
tained an ongoing research program to assess the perfor- 
mance of SF¢-gas-insulated switchgear and bus ducts during 
the past 15 years. 

Several recent investigations, which were carried out 
under contract to either CEA or EPRI, resulted in better 
specifications for acceptance testing of new equipment and 
for identifying potential failure mechanisms. A current 
research project on the reliability and life expectancy of 
spacer insulators in compressed-gas bus ducts is aimed at 
identifying and analyzing aging mechanisms in the filled 
polymers used in these insulators. This study, which is co- 
funded by EPRI, will provide the basis for the development 
of ultra-sensitive diagnostic techniques for the early detec- 
tion of insulation weaknesses. 

Following the development of an on-line technique to 
monitor degradation processes in the insulation of hydraulic 
generators, attention became focused on thermal generators 
not readily able to accommodate recently developed and 
necessary instrumentation. This new initiative, supported 
by CEA, addressed several serious technical difficulties. 
Promising results are being obtained. The feasibility of 


instrumentation for monitoring generators at nuclear and 
fossil-fired plants has been demonstrated, and this is 
expected to become available in the near future. 

Electromagnetic phenomena of benefit to Ontario 
Hydro’s Corporate Nuclear Program and Industrial Market- 
ing Department, as well as to industry at large, are studied 
and harnessed in the Electromagnetic Laboratory. Some 
applications produced by these efforts well suit the repair 
and assembly of nuclear reactors. The resulting savings to the 
Corporation are substantial. 

The induction coil, illustrated in this overview of the 
Electrical Department’s activities, was developed in this 
laboratory. The rapid induction heating process allows the 
separation of calandria tube and pressure tube rolled joints 
in CANDU reactors. The process reduces the tube diameter, 
which makes possible the removal of tubes without sig- 
nificant mechanical force. Future research will focus on the 
development of remotely operated equipment for use in the 
rehabilitation, repair, and decommissioning of nuclear 
facilities. 

Power system protection continues to be an area of major 
interest. The increased use of Application Specific Integrated 
Circuits (ASICs) in equipment being developed for applica- 
tion in protective systems is providing functional as well as 
economic benefits. In one case, the circuitry required for 
three different projects was combined into one ASIC, 
thereby resulting in a significant cost saving. Additionally, 
an ASIC was designed to upgrade the performance of the 
widely used (about 1 000 units installed per year) HTDX 
timing relay. This one relay now provides digitally con- 
trolled time delays of up to 40 minutes and adapts automati- 
cally to battery voltages from 40 to 280 V. The evaluation of 
protective relay systems for series-compensated lines moved 
into high gear with the development of both hardware and 
software to support the testing program. Several evaluations 
of new relays and systems were carried out for the Cor- 
poration as well as for other utilities. A new stator ground 
relay, developed in 1986, was installed on all units at the 
Lakeview Generating Station. In cooperation with several 


Ste | S es é s ES ies 
Exposure systems for Ontario Hydro’s Magnetic Field Rodent Reproductive Study (MFRRS) were supplied by Res 
This experiment, which was designed to address the concerns of video display unit operators, is currently being performed ai 
University of Toronto. 
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Divisions in Ontario Hydro, a program to conduct research 
in digital communications has been initiated; this option is 
becoming increasingly attractive for supporting reliable pro- 
tection and control systems. In concert with this develop- 
ment, work on novel protection schemes that take advantage 
of high-speed digital communications has been reactivated. 

The compatibility of power lines with communications 
facilities continues to be important. Preconstruction electro- 
magnetic interference surveys were completed on routes for 
new 500-kV lines as were investigations related to broadcast 
signal re-radiation. Another area of concern is the possible 
interaction between power-line carrier and navigation facili- 
ties. This is the subject of an ongoing study carried out 
for CEA. 

Several distribution system studies were undertaken as 
part of a program to increase technical support for munici- 
pal utilities in Ontario. Of particular interest is a CEA- 
funded project that addresses issues concerning transformer 
security and reliability. This particular study, initiated in 
response to concerns about equipment failures that could be 
violent, analyzed the ability of oil-immersed current-limiting 
fuses in transformers to withstand electrical and mechanical 
impulses. The outcome was the development of carefully 
controlled test procedures to be included in standard specifi- 
cations to ensure that new fuse products can safely with- 
stand normal field occurrences. It is interesting to note that 
the experience gained in this study also yielded recommen- 
dations for improvements in fuse design. Recognizing that 
90 percent of customer interruptions can be traced to failures 
in the distribution system, Ontario Hydro and the CEA ini- 
tiated a joint project to examine the effects of lightning on 
the reliability of distribution networks. The study involves 
the correlation of lightning activity with system outages, 
which allows identification of those components and system 
configurations most susceptible to failure during lightning 
storms. 

Following the issue of a CSA standard on gapless metal- 
oxide surge arresters for alternating current systems, a com- 
prehensive application guide for distribution surge arresters 
was completed under contract to the CEA. This guide, 
which recognizes different design philosophies, is the first of 
its kind in the industry and is intended to help distribution 
utilities in designing surge protection for systems operating 
at 2.4 to SO kV. 

With the upsurge of interest in time-of-use rates as a load 
Management incentive, a need to assess the suitability of 
metering equipment available for this new rate structure in 
the commercial and residential market became apparent. 
The assessment revealed that, although little is currently 
available with the necessary Canadian approvals, manufac- 
turers are responding to Ontario Hydro’s expressed interest. 
tis expected that new Canadian approved metering systems 
will soon appear. 

: The efficient use of electricity can produce benefits for 
falan customers and for the power system. Both residen- 


tial and commercial customers can lower their heating bills 
by using either bivalent (propane/electric) or ground- 
coupled heat pumps while reducing demands on the power 
system by 50 percent when compared with standard electric 
heating. This year the performance and reliability of these 
ystems have increased. 

In 1988, water heating systems also received attention. 
Demonstrations of efficient systems continued for commer- 
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Technicians are in the process of erecting a 700-kV resonant 


test set for calibration before testing gas-insulated stations. 


cial applications that reduce power demands by at least 40 
percent while they improve working conditions in restaurant 
kitchens and laundries. A unique water heating manual, 
which covers the theory, equipment, methods of sizing, 
installation, and maintenance of water heating systems, was 
prepared for the CEA. This manual has received world-wide 
attention and is becoming an indispensable tool for utilities, 
designers, and users. 

The Department continues to assist industrial customers 
determine the benefits of using dehumidification, micro- 
wave, infrared, lasers, and various other electrotechnologies 
in their production facilities, the objective being to reduce 
energy costs, to improve productivity, and to enhance com- 
petitiveness. Working with energy management personnel 
from both the Regional and Head Office, the Electrical De- 
partment was able to provide over 60 industrial customers 
with complete technical and financial evaluation packages. 
These packages were based on the results of both laboratory 
and analytical work. A study done by Central Region 
showed a high implementation rate of these electrotechnolo- 
gies by industry with 20 percent of the research projects 
implemented and another 30 percent currently under active 
consideration. Overall, the Electrical Department’s col- 
laborative and individual efforts to effect the more efficient 
use of electrotechnologies, for the benefit of the customer 
and the Corporation, yielded successful and promising 
results throughout 1988. 
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through 1988 provided strong support to the Nuclear 
and Transmission System Program areas. Support activities 
involved provision of testing services and technical investiga- 
tions, problem solving, and research studies performed in 
support of safety and reliability issues. 

To verify safe and reliable behaviour of equipment, struc- 
tures, and components, both modelling and full-scale tests 
were used. In the environmental qualification field, one 
highlight was a steam-environment qualification test of a 
heat-transport pump circuit breaker. These breakers are 
required to trip pumps off line under various postulated 
accident conditions. One such condition occurs when a main 
steam-line breaks. Under these circumstances the circuit 
breaker and its control cabinet become enveloped in low- 
pressure steam. Direct testing in the laboratory demon- 
strated that the breaker could successfully trip the pumpset. 
Many smaller components that perform electrical, instru- 
mentation, and control functions were also tested during the 
course of the year, thereby contributing to the analysis and 
engineering of nuclear plant safety. 

The Department’s Applied Mechanics Section is currently 
involved in the development of safe methods of storage, 
transportation, and ultimate disposal of high- and low-level 
nuclear wastes. Under development are a tritiated heavy 
water transportation package, an irradiated fuel transporta- 
tion cask, a concrete integrated container for transportation 
and storage of used fuel, and iron based stressed shell (IBSS) 


and thin walled particulate packed (TWPP) containers to t 
used for the ultimate disposal of irradiated fuel. Nine-mett 
drop tests and extensive finite element analyses have demor 
strated the impact resistance of the tritiated heavy wate 
transportation package, and on the strength of this work, 
transportation license has been obtained from the Atom: 
Energy Control Board (AECB). Tests of impact and of fir 
resistance under accident conditions have demonstrated th 
integrity of the container intended to transport irradiate 
fuel. Additionally, an extensive program related to the cor 
crete integrated container is underway. The work prograt 
includes finite element analysis, drop tests, and fire test: 
The development and testing work related to TWPP an 
IBSS containers for the ultimate disposal of irradiated fuel 
progressing well. The Section staff have provided a lead ro 
in coordinating Research Division’s efforts related to th 
containment and immobilization of irradiated fuel. 

The Corporate Business Plan for 1988-1997 identifi 
deterioration in the reliability of Ontario Hydro’s transmii 
sion system as being of major concern. This deterioratio; 
which has occurred over the last few years, is due to the lac 
of sufficient resources for maintenance aggravated by tl 
effects of aging. Almost one-third of the total circuit kil 
metres of Hydro’s transmission lines are more than 40 yea 
old. It is estimated that the incremental cost to customers 
1987 due to this deterioration was in the order of 10 to } 
million dollars. As a result, major replacement and reft" 
bishment programs must be undertaken. : 
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In 1988, to begin the refurbishment process, a program 
vith a budget of $1.75 million was approved and carried 
ut. The program, which involved Design and Construction 
ranch and several Departments of the Research Division, 
omprised a cooperative effort to assess the condition and 
esidual strength of 115-kV Kingston towers, line hardware, 
onductors, insulators, and foundations on a line south of 
mith Falls. A short section of the line, which was built in 
929, was in the process of being rerouted. Three towers 
hat were scheduled to be replaced were tested to destruction 
n the field. Also, a number of grillages and rock anchors 
vere completed, along with laboratory tests on the insula- 
ors, conductors, and line hardware. The results of these 
2sts indicate that this line is in good condition. Further tests 
n other lines are scheduled for 1989. 

Other activities in the transmission system area included 
ae evaluation of fibre optic overhead groundwires. Cables 
‘om various manufacturers were evaluated to determine 
neir fatigue strength and performance under galloping and 
eolian vibration loads. 

Studies related to the control of vibration of overhead 
Mes are continuing. Independent statistical analysis 
vealed that the average amplitude attributable to ice on 
mur-conductor bundle lines can be reduced 17 percent by 
Idition of detuning pendulums. Dampers for aeolian 
bration control and spacer dampers to control wake- 
duced and aeolian vibration of bundle conductors are 
idergoing comparative damping measurements to assure 


reliable protection against conductor fatigue in the field. A 
CEA-sponsored program to determine the wind energy 
transferred to bundle conductors with various configura- 
tions was completed in cooperation with the University of 
Toronto. The project demonstrated the possibility of alter- 
native bundle conductor arrangements that would suffer less 
vibration and fatigue than do present designs. 

An important facet of the Mechanical Department’s work 
program concerned the technical investigation and resolu- 
tion of problem solving issues related to efforts to improve 
plant equipment reliability and reduce operating costs. Con- 
tributions to the resolution of several major vibration- 
related problems affecting piping systems at the Pickering 
and Darlington NGSs were made. New and revolutionary 
methods, such as one that analyses the direction of vibra- 
tional energy flow in piping, were used to identify the 
sources of vibration. The method, which was developed in 
the Fluid Dynamics Laboratory, contributed to design modi- 
fications that solved the problem. 

A number of problems related to rotating equipment and 
structural vibration in generating plants were corrected. 
Methods based on experimental and theoretical rotor and 
structural dynamic analysis were used to identify the causes 
and to determine effective and economical solutions. 

The introduction of new, and the expansion of existing, 
computer-based condition monitoring systems in a number 
of generating plants is progressing. These systems provide 
maintenance personnel with useful information about main- 
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transportation containers for irradiated fuel. 
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Greg Morandin, a technologist in the Applied Mechanics Section, is collecting data that will be used in the development 


tenance requirements. The result is greater equipment reli- 
ability at less cost, since required maintenance is done in a 
timely manner, and any unnecessary maintenance is elimi- 
nated. Research is in progress to improve the diagnostic 
capability of these systems by the use of advanced signature 
analysis techniques, expert systems, and neural networks. 

Consultative and technical services were provided to 
groups both internal and external to the Corporation. Noise 
assessments and controls for power transformers, reactors, 
and cooling fans at transformer and distribution stations 
were some areas of recent concern. Improvements were 
made to equipment and methodologies, and these now 
enable the surveying and predicting of noise levels in the 
vicinity of transformer stations. Noise levels vary because of 
different configurations of layout and acoustical treatment 
of the walls of the enclosure. 

An ongoing study on audible noise emanating from the 
single circuit transmission line (corona noise) was expanded 
to include a double-circuit 500-kV line at a site near Milton. 
A technique was developed for automatically monitoring 
and collecting information from occurrences of corona 
noise. The technique is capable of differentiating corona 
noises from other sources of noise such as are produced by 
weather conditions. The technique is proving to be reliable 
over a wide range of meteorological and background noise 
conditions. 

Some of the Department’s research and development 
activities feature work on aerosols and aerosol transport. 
Further data were collected for the Steam-Water Iodine- 
Partitioning Experiment (SWIPE). The objective of the ex- 
periment is to determine how radioactive iodine “partitions” 
between liquid and vapour phases in a flashing water jet. 
Also addressed, both theoretically and experimentally, was 
the physical transport of aerosol particles by flow within 
containment. These studies are important because partition- 
ing and transport are key links toward improving estimates 
of potential radioactive leakage under accident conditions. 


Another research project seeks to develop methods for mor 
toring the condition of primary heat transport (PHT) pum 
sets by means of vibration analysis. 

Study continues on the finite element analysis of hydri 
blister formation in CANDU reactor pressure tubes. Tw 
and three-dimensional mathematical models are being deve 
oped to predict hydrogen transport and blister growth ar 
to indicate the useful life of pressure tubes under a varie 
of service conditions. Another project related to pressu 
tubes is one in which modifications are being made 1 
Creep Degradation Evaluation in Pressure Tubes, Hydi 
(CDEPTH), a computer program for predicting pressu: 
tube creep and elongation. The modifications will allo 
direct comparison of analytically predicted results with i 
reactor measurements. The Department has also been acti 
in the large-scale fuel-channel replacement program at Picl 
ering NGS and in rehabilitation programs such as the We 
Shift Operation at Bruce. Construction of the Burst Te. 
Facility for doing pressure tests on large vessels, pressu! 
tubes, and piping components is now complete. The con 
missioning tests on the facility are expected to be complete 
by the end of 1988. The facility will also be used for th 
“leak-before-break” work program related to the Darlingtc 
PHT piping system. 

The demand for the Department’s services to sol 
nuclear plant component integrity problems continued to! 
high in 1988. Examples included those related to the Bru’ 
Nuclear Generating Station’s de-aerator vessel, Darlingtor’ 
feeder pipes, Pickering’s spacer rods, and other genet 
steam generator problems. The staff also played a lead rc} 
in a number of multidisciplinary programs that arose as p# 
of the Nuclear Plant Life Assurance Program, the acquisiti¢ 
of naturally aged material and component samples from t? 
decommissioning of the NPD, and the investigation of t 
long-term effects of the load-following operation on the ré 
ability of nuclear plant equipment. 


_ seventh-scale model of Ontario Hydro’s Irradiated Fuel Transportation Cask (yellow and green) collides with a model 
comotive (gray). To achieve a 65-mph collision, the cask model was accelerated with a rocket motor as it fell. 
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§ he metallurgical discipline comprises many diverse 
Bm technologies, ranging in scope from metal physics to 
extractive metallurgy. The work of the Metallurgical 
Research Department, therefore, covers a number of dis- 
parate technical areas. For example, fracture mechanics and 
nondestructive evaluation are two very different technolo- 
gies, yet, in context of this discipline, they are complemen- 
tary. In fracture mechanics, metallurgists seek to predict the 
performance of materials, components, and _ structures 
through both analysis and experiment; in nondestructive 
evaluation they attempt to discover imperfections that may 
lead to a structure’s early demise. The two technologies 
meld, however, when considering the impact of a defect: 
nondestructive evaluation is the means through which the 
defect is discovered and described in spatial terms, and 
fracture mechanics is the route through which this informa- 
tion is used to determine the repercussions of the defect’s 
presence. Neither technology, however, is limited to the nar- 
row bounds of defect-structure interaction. 

The prime thrust of the Department’s work program is in 
support of CANDU technology. The work is balanced in 
terms of forward looking research (long-term); shorter-term 
research, primarily funded by COG; and technology transfer 
to groups such as Central Nuclear Services (CNS) and 
Design and Development — Generation Division. The work 
is divided among four sections, namely Materials Integrity, 
Corrosion & Tritium Technology, Metallurgy, and Nonde- 
structive and Fracture Evaluation. 
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The Materials Integrity Section utilizes analytical and test 
techniques designed to investigate factors controlling the 
deformation (irradiation-enhanced creep and growth) and 
fracture (delayed hydride cracking) aspects of core com- 
ponents in CANDU reactors, particularly the zirconium- 
niobium pressure tubes. An important part of these studies is 
to achieve end-of-life conditions in the specimens in advance 
of actual in-service components. With respect to irradiation, 
this is achieved by testing in high-neutron flux reactors, 
which are available in the United Kingdom and France. Data 
resulting from these tests will provide input useful in the 
development of design equations and additionally will estab- 
lish which microstructures in pressure tubes could result ina 
reduced in-service deformation rate. In fracture-related 
studies, concentrations of hydrogen are increased to sus: 
pected end-of-life levels. Crack nucleation and growth ar¢ 
studied, and the influence of both metallurgical anc 
operating parameters on these processes is evaluated. / 
specific nucleation mechanism, currently the focus of signifi 
cant attention, concerns the formation of hydride blisters 0i 
the outside surface of the pressure tube. Detailed studies 0 
the growth of these blisters have been performed, and test 
to determine the size of blister able to nucleate a crack hav) 
been carried out. The objectives of these fracture and defoi 
mation studies are to develop predictive capabilities suc 
that reactor maintenance can be properly planned; to ensul 
that no unwelcome surprises occur during in-service perfo 
mance of pressure tubes; and to identify how the —_ 
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ture of pressure tubes could be modified to give improved 
in-service performance. 

An important initiative of the Corrosion and Tritium 
Technology Section is focused on establishing a detailed 
understanding of the principal source and ingress routes of 
deuterium into the zirconium alloy pressure tubes. Eventual 
control of hydrogen levels, to keep them below those levels 
that will cause fracture problems, is the expected result of 
this research. It has been established that corrosion of the 
alloy by the heavy water coolant is one ingress route. A 
normally protective barrier of oxide film keeps deuterium 
ingress rates low, but when the film’s protective qualities 
are damaged or lost, accelerated ingress may result. Lab- 
Oratory tests to establish the precise role of temperature, 
oxide features, and surface properties on the corrosion pro- 
cess are in progress. Extremely high-resolution state-of-the- 
art imaging, surface analysis, and electrochemical methods 
are being used. 

Other possible ingress processes are being evaluated, and 
these involve interaction with the gas annulus environment 
and study of the microstructural changes in bulk alloy that 
yecur as a response to in-reactor aging. Additionally the 
sorrelation of reaction kinetics and reaction products with 
fleuterium absorption is being explored under simulated 
Jeactor conditions. 

| Fracture mechanics technology is extensively applied in 
upport of the Corporation’s nuclear generation program. A 
Hiressure tube burst-test facility has been commissioned and 


| 
| 


is being used to study the fracture of pressure tube sections 
exhibiting surface cracks. Tests performed in the facility will 
supplement small-specimen tests currently being performed 
to investigate the effects of hydride structure on tube fracture 
toughness. A high-pressure and high-temperature autoclave 
is being commissioned and will be used to fatigue-test 
zirconium-niobium specimens in an operating environment. 

The Nondestructive Evaluation Unit’s principal involve- 
ment is also with fuel channels. The complexity of current 
nondestructive evaluation technology demands an inte- 
grated multidisciplinary team approach. Thus, in addition 
to involvement in the primary technologies of acoustic emis- 
sion, eddy current, ultrasonics, and spatial measurements, 
the team relies heavily on computer technology, signal pro- 
cessing, and electromechanical design. 

This cooperative arrangement has proven very beneficial 
in highly automated projects, such as in the recently devel- 
oped award-winning CIGAR. Pushed by remote control 
down the fuel channel by a large, external, electromechani- 
cal machine, the apparatus goes to the core of CANDU’s 
nuclear reactors to find cracks, to measure the diameter and 
thickness of pressure tubes, and to detect changes brought 
about by heat and radiation. To achieve this end, computers, 
electromechanical components, lasers and laser beam image 
recorders, optics and optical tooling, and machine tool con- 
trol systems were utilized. 

Eddy current technology was also utilized in pressure 
tube work. The focus was on the development of deconvolu- 
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Shown here is a profilometry module, a device designed to monitor wear in pressure tubes by producing profiles of wear/erosior| 
and debris damage in fuel channels. The device, developed by the Nondestructive Evaluation Unit, is used in conjunction with tht 
CIGAR system. 


tion techniques to improve the quality of information pro- | terize, locate, and size flaws in pressure tubes througl} 
vided by inspection systems. Additional interest centred on | processes such as crack-tip diffraction and “B-scans”. Addi 
the design and prototyping of a resistivity measuring system | tionally, very high-frequency ultrasonics have been applied 
that will be used to determine hydrogen concentrations in | successfully to imaging lap-like defects. It was such a defec 
pressure tubes. that caused the failure of a pressure tube at Bruce NGS) 

Ultrasonic technology is being utilized to detect, charac- | Ultrasonic techniques may also be useful in a process cut); 
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rently being investigated to measure hydride platelet con- 
centrations in pressure tubes. 

Although the Department has a heavy commitment to the 
fuel channel research program, other components of nuclear 
generating plant must receive attention. In pressurized water 
reactors, steam generator tubing is susceptible to stress cor- 
rosion cracking, localized corrosion under sludge deposits, 
and corrosion fatigue. To predict the susceptibility of the 
CANDU system to these mechanisms, exposure testing 
using laboratory simulations is being carried out. The result 
will be the establishment of a data base applicable to 
CANDU operating variables. Temperature, alloy heat treat- 
ment, and water chemistry are considered key factors in 
these corrosion mechanisms. 

To study localized corrosion initiation and propagation 
effects in Lake Ontario water, heat exchanger test rigs con- 
tinue to operate at the Pickering and Darlington nuclear 
stations. Testing to date suggests the probable central role 
played by microbiological action. The rigs facilitate the real- 
istic testing of remedial measures such as chemical cleaning 
and biociding. A technique of measuring the corrosion rate 
electrochemically is being developed. 

Effort on the Darlington Heat Transport System Leak- 
Before-Break study focused largely on providing analytical 
support to the Design and Development Division regarding 
the three-dimensional elastic-plastic fracture mechanic 
analysis of elbows and T-junctions and on producing docu- 
ments for the Darlington licensing submissions. 

The Department’s work done in support of thermal plant 
was concentrated in the life extension program. Sections of 
large components taken from Lakeview TGS were sent to 
the Research Division for examination. These samples will 
provide a rare opportunity to investigate the age-related 
degradation of carbon steel pipes, components, and welds 
that have been in service for almost 20 years. Testing of the 
samples will begin in 1989, the purpose being to evaluate the 
suitability of these materials for plant use well beyond their 
initial design life of 30 years. The largest single project being 
carried out in support of thermal plant is the metallurgical 
“fingerprinting program”, which is part of the Lambton life 
assessment program. Because this is described in the earlier 
article on the Division’s contributions to Corporate Strategy, 
it requires little mention here except to note that the in situ 
metallurgical evaluation capability is subject to continual 
development and that the capability is frequently called 
upon. 

_ Other work related to thermal plant metallurgy included 
an EPRI-funded corrosion-fatigue study. The study involves 
the development of a technique to simulate the types of fail- 
ure observed in operating plant. To aid this research, a loop 
facility with controlled water chemistry was developed. In 
laddition, the facility has a loading system able to produce 
cracks on the inside surface of a tube specimen. The results 
of tests performed in this facility will be used to identify 
those operating parameters having the largest influence on 
the corrosion-fatigue failure of boiler tubes in thermal 
plants. 

In 1988, the Department’s failure analysis service was 
concerned with a wide variety of system materials and com- 
ponents. Of particular concern were several instances of 
fatigue cracking of the high-integrity piping at Darlington 
and Bruce “B” and corrosion attack on steam generator tub- 
ing at Pickering GS. The problem at Pickering later turned 
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out to be much less severe than was anticipated. 

The Welding Unit of the Metallurgical Research Depart- 
ment performs research and development in welding and 
joining. The Unit is also responsible for the qualification of 
new and revised standard welding procedures for Cor- 
poration use. A major R & D emphasis for many years has 
been on a CEA, Institut Recherche Electricité de Québec 
(IREQ), and Research Division effort to develop automated 
and remote welding methods. An important achievement of 
this collaborative project has been the creation of a compact 
robotic system for in situ repair of cavitation damage to 
hydraulic turbine runners. In 1988, work on this system 
included refinement of the advanced “self-programming” 
control concepts and the welding procedures used by the 
system. In addition, the prototype equipment was rebuilt 
and tested in the field. 

Research on welding automation has also advanced in the 
area of circumferential joints, such as are needed in piping 
and spent fuel container closures. Special efforts were made 
last year to improve welding productivity in pipe welding 
and to optimize processes such as pulsed-gas metal arc and 
flux-cored arc welding. Technology transfer is always a pri- 
ority, and to this end, training of field staff in advanced 
methods was ongoing throughout the year. Excellent results 
have been reported from field implementation of these meth- 
ods. A longer-term objective is to define ways in which auto- 
mated systems can cope with unforeseen variability in joint 
fitup or presentation. To address this need, experimental 
work on the use of machine vision is underway. 

Tritium technology is another active concern of the 
Department. A new tritium laboratory research and testing 
facility, equipped with glovebox work stations, protective 
alarms, and monitors, is almost fully functional at this time. 
Associated decontamination facilities, clean-up systems, 
and a tritium supply and delivery system are about to be 
completed. The safe management and use of an inventory of 
three kilocuries of tritium can now be demonstrated. 
Technical support is being provided to the Darlington 
Tritium Removal Facility, and this includes commissioning 
and operating assistance, examining the adverse effects of 
tritium on vacuum pump oils, decontamination of metal 
components, and exposure testing of a variety of diagnostic 
devices. Consultation services have been made available to 
the University of Toronto, the Canadian Fusion Fuels 
Technology Program, and Hydro’s own Tritium Application 
Program. 

A hydrogen pump, which relies on the permeation of 
atomic hydrogen through bilayer metal membranes, has 
been developed. There are a number of potential commer- 
cial applications of this concept that concern tritium hand- 
ling and the making of diagnostic measurements in fusion 
reactor devices. Testing of these is ongoing in the TEXTOR 
tokamak. Research has also resulted in the development of 
safe and efficient methods for managing tritium by immobi- 
lizing it on high-performance uranium and zirconium-iron 
getter beds. Some of these beds have already been commer- 
cialized. Further work has developed practical systems so 
that these getters can be used for on-line scavenging of tri- 
tium from gas process streams with detritiation factors as 
high as 10*. New alloys such as zirconium-cobalt are also 
being tested and have the potential to replace uranium for 
temporary tritium storage. 

Finally, a description of two new initiatives introduced 


Eighteen-channel multiplexer, which is to be used in underwater service, is being encapsulated in radiation-resistant epoxy. 
device will enable many more probes and sensors to be used on the inspection heads of pressure tube inspection systems. 
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this year to the Metallurgical Research Department: First, 
the Advanced Industrial Materials Project will be respons- 
ible for research into metallic materials required for the con- 
tinued reliable supply of electricity into the twenty-first cen- 
tury. Work will be concentrated on materials such as 
composite alloys for fashioning transmission hardware, 
superconductive materials, and advanced alloys for high- 
temperature applications in generating plant. Second, a new 
activity to be developed in support of demand management 
will examine ways of increasing the efficiency of the metal- 
lurgical and materials processing industry. Metals producers 


Technician Tom Ryans is involved in the surface preparation required for in situ metallography. 
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are some of Ontario Hydro’s most important customers. 

The Metallurgical Department considers itself to be car- 
rying out a successful research and development function. 
This success is due, in part, to the creativity and innovation 
that is evident in every undertaking — qualities inherent to 
the discipline of Metallurgy itself. In this Department, risk 
taking is encouraged: to try something that does not work is 
not a failure, whereas not to try it is. 


OPERATIONS RESEARCH: 


ver the years, the Operations Research (OR) Depart- 

ment has assembled a team of highly trained special- 
ists drawn from a variety of disciplines. These specialists 
carry out a wide range of studies for management, technical 
departments, and individual researchers. In these studies, 
scientific methods are applied to complex operational and 
strategic problems usually related to the management of sys- 
tems and procedures; men and equipment; materials and 
money; and data and information. Handling the complexi- 
ties of these often unusual studies requires the use of a full 
range of state-of-the-art mathematical methodologies and 
up-to-date computer facilities. 

In 1988, the client base and the range of services offered 
by the Department continued to expand in areas of decision 
and operational analysis, statistical analysis, and power sys- 
tem reliability modelling. Services are varied, ranging from 
informal consultations and short presentations, through 
large-scale projects, to tailor-made courses and seminars. 
Additionally, specialized computer application services are 
made available to the staff of the Research Division. 

Operations Research is a label coined in World War II to 
describe the scientific analysis of military operations. Since 
then the term has been adopted in business, industry, and 
government. Increasingly, scientific methods have been used 
to enhance management effectiveness and operational effi- 
ciency. Traditional techniques such as linear programming, 
inventory control, and queuing theory were always impor- 
tant to management studies, and they are becoming more so 
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as essential components in the development of decision sup- 
port systems. Researchers then must be sensitive to the 
decision environment and must develop innovative new 
approaches where appropriate. Growing interest in the mea- 
surement of intangibles and in complex decision processes 
provides an additional challenge. Problems often involve 
several, frequently conflicting, objectives, the ideal solution 
not always being readily apparent. 

In 1988, the decision and operational analysis team 
achieved a high degree of diversification in areas of consult- 
ing and research. Services were provided to several Divi- 
sions, including Technical, Training and Services, Comp- 
troller’s, Market Services and Development, Power System 
Operations, Supply, Real Estate and Security, Transmission 
Operations, System Planning, Design Development — Gen- 
eration, Economics and Forecasts, and Thermal and 
Hydraulic Generation. Some examples of the consulting and 
research projects are multi-criteria decision analysis for use 
in finance, system planning, and marketing programs; the 
application of the integer programming technique to the 
selection of bids; the development of expert systems to auto- 
mate procedures as diverse as selecting channels for nuclear 
fueling studies and assisting in library literature searches; the 
development of an integrated approach to transmission and 
generation outage planning; modelling of energy production 
costs; and the optimization of office planning, design, furni- | 
ture inventory, and scheduling of physical moves. 

Since a reliable supply of electrical energy is part of 
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Hydro’s mandate, accurate reliability predictions for power 
systems and their constituent parts is a most important engi- 
neering task. Equally critical is the assessment of risk 
involved in many operating situations. In some aspects, the 
development of reliability methodology based on probabilis- 
tic modelling has come a long way in the last 25 years, but it 
is still not mature enough for use in all applications. The 
Department’s reliability team, however, is at the forefront of 
the world-wide effort to develop more advanced reliability 
tools. 

The team’s involvement with the development and appli- 
cation of mathematical models for system and component 
reliability spans almost two decades. The aim of this work 
has been to assist Hydro’s planning, operating, design, and 
maintenance functions. In 1988, the reliability team contin- 
ued to engage in developmental work and in the provision of 
consulting assistance to other Divisions. Important progress 
has been made in optimization of maintenance procedures, 
and new concepts and modelling techniques were intro- 
duced to represent the processes of deterioration and failure. 
This year most of the work on the reliability evaluation of 
the control and operating facilities for the new System Con- 
trol Centre at Clarkson was completed. 

Through their publications and participation on commit- 
tees and in conferences, the staff of the reliability team have 
earned an international reputation. This year, staff partici- 
pated in a number of international technical activities, which 
included participation in the presentation of a new Power 
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System Reliability Analysis Application Guide at the 1988 
International Conference on Large Electrical Systems 
(CIGRE) meeting, continuation of industry advisory activi- 
ties for several EPRI research projects, and the presentation 
of a week-long seminar on power system reliability analysis 
at the Xi’an Jiaotong University in China. The seminar was 
conducted under CIDA sponsorship. 

The selection and analysis of data for technical or man- 
agement studies often appear straightforward and may 
indeed be so in a simple case. However, when data are 
scarce, interrelated, dispersed, or even contradictory, the 
drawing of valid conclusions requires skill and training in 
advanced statistical analysis. The statistics team was formed 
several years ago when Corporation-wide need for expert 
assistance in data collection and evaluation was perceived. 
Assistance in solving statistical and mathematical problems 
is provided by the statistics team, whose expertise includes 
knowledge of sampling schemes, statistical estimation, 
design of experiments, forecasting, regression analysis, 
probability theory, mathematical modelling of engineering 
systems, quality control, and quality assurance. 

In 1988, the team performed a number of diverse studies 
for other Divisions as well as for the Research Division. 
Studies included the identification of relationships among 
performance and cost indicators for nuclear and hydraulic 
sources of energy production; the statistical design of repro- 
ducibility experiments for petroleum standards tests; statis- 
tical analysis of bursting characteristics of rupture pressure 


maximize the output of Hydro’s hydraulic generating stations. Station engineers use these computational techniques inter- 
actively when making decisions about station operations. 


relief panels scheduled to be installed at the Pickering NGS; 
and a proposal for a sampling scheme to estimate the energy 
saving of retrofitted electrically heated homes. In addition, 
members of the team participated in the working party on 
the Environmental and Safety Research Assessment of the 
CANDU Owner’s Group Waste Management Program. 
Assisting clients through informal consultations continues to 
be an important part of the team’s activities. 

Rapid advancement in computer technology provides the 
staff of the computer support team with a great challenge, 
and in 1988, the team continued to provide specialized 
programming and consulting services to the staff of the 
Research Division. The team also increased its efforts in the 
research, evaluation, and introduction of new computer 
technologies. Macintosh facilities with large screens, optical 
scanners, and high-quality laser printers were purchased and 
installed for productivity enhancement in report and presen- 
tation preparations. Many second generation, integrated PC 
software packages were evaluated and introduced to staff in 
the Research Division. 

The advancement in computer and information technol- 
ogy has also created a number of opportunities of strategic 
importance to the effective and efficient operations of 
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Ontario Hydro. Among them are artificial intelligence and 
database technology. In 1988, the Department was engaged 
in the successful development of prototype expert systems. 
Identification of high payback opportunities continued. The 
development of uncertainty treatment in machine vision 
continued as part of our participation in the PRECARN 
project. Exploratory work for active research in neural net- 
works has begun. Possible applications of this technology to 
fish identification seem promising. With rapid developments 
in these new fields, special applications in robotics, pattern 
recognition, and knowledge preservation and distribution 
are anticipated in the very near future. 

In 1988, the Department was involved in external activi- 
ties with universities, professional associations, and research 
institutes. A number of staff members held Adjunct Profes- 
sorships or served as executives or committee members 
with professional societies or research granting agencies. 
Informal collaborative research arrangements were made 
with universities. Internships were offered to the University 
of Strathclyde and Glasgow. Staff were also invited to 
make technical presentations at various universities and 
industries. 


AWARDS AND ACHIEVEMENTS 


Under contract with Polysar Ltd., Dr. Hormoz Azizian 
(Chemical Research) developed new rubber technology at the 
University of Waterloo. The technology received the 1987 
Gold Award of Excellence in the invention category at the 
Canada Awards for Business Excellence. Already, the new 
highly saturated nitrile rubber has been earmarked for uses 
that include high-pressure seals, oil well blowout preventers, 
gaskets, diaphragms, hoses, tubing, flexible fuel cells, con- 
veyor belting for hot or corrosive materials such as asphalt, 
and hydraulic system seals and liners. 


Carrying on the tradition of excellence started by R. B. 
Young, a paper co-authored by Tom Carmichael, Douglas 
Hooton, P. K. Mukherjee, and Val Sturrup (all of Civil 
Research) was awarded the Wason Medal for Materials 
Research by the ACI. The paper, entitled “Evaluation and 
Prediction of Concrete Durability: Ontario Hydro’s Experi- 
ence”, was selected from among the many papers presented in 
ACI journals or at conference proceedings during 1987. 


Ontario Hydro’s New Business Ventures Division selected 
Dr. H. S. Radhakrishna (Civil Research) as one of its 1988 
Product Champions. In the award category of Project Man- 
agement, Dr. Radhakrishna was recognized for the leader- 
ship and coordinating role he played in the successful delivery 
of Ontario Hydro’s Long Island Sound cable crossing project. 


Bob Koopmans and Robin Hughes (Civil Research) 
received a Research Division Director’s Award for the devel- 
opment of shallow and deep borehole dilatometers and for 
the invention of a hydraulic rock breaker tool. The dilatome- 
ters are now standard instruments for assessing rock condi- 
tions for facilities constructed of rock formations, such as 
intake or cooling tunnels and nuclear waste repositories. The 
breaker tool is used by Ontario Hydro in situations in which 
conventional drilling and blasting cannot be used. 


Visitors to the Division now receive a ‘Pocket Facts’ card 
that doubles as a name tag. In the Society for Technical 
Communication (STC) 1988 Competition, two members of 
the Research Publications Office, Barbara Brown and Lisa 
Bell (Divisional Services), received an award of excellence 
for the technical writing and design of this novel promotional 
material. The STC is the world’s largest professional 
organization devoted to the arts and sciences of technical 
communication. 


The Research Division Annual Report for 1987 won two 
awards in the 1988 STC Competition. Gary Floyd, Keith 
Buck, Lisa Bell, and Barbara Brown (all of Divisional Ser- 
vices), Dave Young (Divisional Projects), and Spencer Bush 
(Information Services Division) earned achievement awards, 
one for art and design and the other for technical writing. 


Greg Stone (Electrical Research), an active participant in 
the technical and administrative activities of the Institute of 
Electrical and Electronic Engineers (IEEE), was elected Presi- 
dent of the IEEE Dielectrics and Electrical Insulation Society 
(DEIS) for the 1988-1989 term. DEIS publishes the Electrical 
Insulation Magazine, which has 15 000 subscribers, and a 
scholarly journal, the IEEE Transactions on Electrical Insula- 
tion. The society hosts several conferences each year and 
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is responsible for creating American National Standards. 


Dr. Jim O’Neill (Electrical Research) received a U.S. 
patent for his development of a Waveguide Reaction Cell. The 
invention is useful for laser isotope separation work. 


Wilf Watson, retired Section Head of System Studies Sec- 
tion, Dave Lee, Roger Beaulieu, and Gerry Manchur (all of 
Electrical Research) received the 1988 W. P. Dobson Award 
for outstanding technical innovations of benefit to the Cor- 
poration and the electric power industry. Developed and 
implemented were novel excitation control schemes and bet- 
ter models for the enhancement of power system stability. 
These power system stabilizers have been supplied by 
Ontario Hydro to locales as wide ranging as Saskatchewan, 
New Brunswick, and Australia. 


The H. A. Smith Award, awarded annually by the Re- 
search Division for outstanding contributions that have had a 
major impact on R & D business, went this year to Dr. Tom 
Byrne (Mechanical Research) and Dr. Marc Leger (Metallur- 
gical Research) for their research on hydride blister formation 
in pressure tubes. They undertook a comprehensive research 
program to determine the consequences of pressure tube / 
calandria tube contact for Zr-2.5 wt% Nb pressure tubes. 


Aninterdisciplinary team effort of Design & Development 
Division and the Mechanical and Chemical Research Depart- 
ments resulted in the invention, development, and dem- 
onstration of the ‘fish hammer’, an acoustical device for con- 
trolling fish movement in the vicinity of structures such as 
generating station cooling water intakes. The combined 
effort of Dr. Al Christie (Design & Development), Jerry 
Forest and John Kowalewski (Mechanical Research), and Dr. 
Paul Patrick (Chemical Research) was rewarded by a U.S. 
patent and a Research Division Director’s Award. The tech- 
nology is being transferred to a commercial setting. 


Dr. Mike Dolbey (Metallurgical Research) was awarded 
the prestigious Engineering Medal of the Association of Pro- 
fessional Engineers of Ontario (APEO) in 1988. The Engi- 
neering Medal recognizes achievements significantly above 
the normally high standards of the profession. Dr. Dolbey 
headed a group of engineers and researchers in a project to 
create special technology to inspect tubes within a CANDU 
reactor. 


The Fracture Mechanics Unit of the Nondestructive and 
Fracture Evaluation Section was recognized for its analytical 
and experimental work in elastic-plastic fracture mechanics 
with a Research Division Director’s Award. The research of 
Dr. Mukul Mukherjee, Bert Vanderglas, Doug Scarth, Olev 
Lepik, and Dave Carpenter (Metallurgical Research) led to 
the acceptance of the leak-before-break rationale. 


The ICE team, consisting of Dr. Archie Chung, Manager 
of Operations Research, Dr. Jim Tulk (Mechanical Re- 
search), and Alda McMahon (Divisional Services), merited 
a 1988 Director’s Award for its outstanding effort in coordi- 
nating inputs, identifying needs, and providing strategies, 
recommendations, and plans for the development of an 
integrated computing environment for the Division. 


RESOURCES AND COSTS 


At the end of 1988, the Division’s personnel resources con- 
sisted of a total regular staff of 640. The percentages of funds 
allocated to major work programs and the percentages of 
program costs attributable to OM&A—the net cost to 
Ontario Hydro to operate, maintain, and administer the 
Research Division — are shown below. Also shown are pro- 
portions of Research Division costs for various categories of 
work and distribution of staff in broad occupational classes. 


General (20) 


Research & Development, 
Future Needs (13) 


Research & Development, 
Current Needs (35) 


Technical Investigation (14) 
Consultation (5) 


Testing (13) 


Proportions of Research Division Costs for 
Various Categories of Work 
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The total of all costs, including those for space, material 
and equipment, for work done by the Research Division - 
1988 was approximately $68.3 million. 


Costs were met or allocated as follows: 


Revenue from Work Done for Other Organizations 4, 
Transfers to Other Ontario Hydro Branches 3; 
Transfers to the Cost of Power 28. 


Research Cost Breakdown 
by Major Resource Categories (% of Gross Cost 
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5) 
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Direct Costs 
To Projects (23) 


Indirect Costs (20) 


Cost of Salary 
and Benefits (57) 


500 Occupational Classification of 
Research Division Staff 
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350 
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Support Staff (70) 20 


Technicians @ Technologists (274) 


Management & Professional (296) - 


Training (4) 
General Research (13) 
Environmental (8) 

Thermal and Hydraulic Generation (6) 
Nuclear Waste (5) 


Nuclear Generation (34) 


Research Division Programs for 1988- 
Proportions by Actual Gross Costs 


OM&A Funding 
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PUBLICATIONS 


Anders GJ, El-Kady MA, Horrocks DJ, Motlis J. 

Modified values of geometric factor of external thermal resistance 
of cables in ducts. IEEE Transactions on Power Delivery 3:1303, 
October 1988. 


Anders GJ, Krpan MM, RoizJ*, Chaaban M*. 

Delaying investments in transmission facilities through cable 
uprating. IEEE Transactions on Proceedings of 1988 CIGRE Meet- 
ing in Paris, France, paper no. 37-08, October 1988. 


Anders GJ, Radhakrishna HS. 

Computation of temperature field and moisture content in the 
vicinity of current carrying underground power cables. IEEE Pro- 
ceedings 135 (Part C):51, January 1988. 


Anders GJ, Radhakrishna HS. 

Power cable thermal analysis with consideration of heat and mois- 
ture transfer in the soil. IEEE Transactions on Power Delivery 
3:1280, October 1988. 


Anyas-Weiss N: see Wilson LD et al 


Badie N, Holt RA, Schulte CW, Sauve RG. 
Sag of Zr-2.5% Nb pressure tubes. Proceedings of Ninth Annual 
Conference of the Canadian Nuclear Society, 391, 1988. 


Bartoszek FE, Morrison HD, Robins JR, Woodall KB. 
Progress in laser-based tritium separation. Fusion Tech 14:536, 
September 1988. 


Boggs SA*, Pecena DD*, Rizzetto S, Stone GC. 

Limits to partial discharge detection effects of sample and defect 
geometry. Proceedings of CIGRE Symposium on New and Improved 
Materials for Electrotechnology, paper no. 700-04. 


Braun JM: see Stone GC et al 


Brown RM, Ogram GL, Spencer FS. 
Field studies of HT behaviour inthe environment. 1: Dispersion and 


oxidation in the atmosphere. Fusion Tech 14:1165, September 
1988. 


Brown RM: see Burnham CD et al, Ogram GL et al, Spencer FS et al 
Brown SK: see Mannik L et al 


Burnham CD, Brown RM, Ogram GL, Spencer FS. 
An overview of experiments at Chalk River on HT dispersion in the 
environment. Fusion Tech 14:1159, September 1988. 


Campbell SR: see Mannik L et al 


Causey AR*, Woo CM*, Holt RA. 

The effect of intergranular stresses on the texture dependence of 
irradiation growth in zirconium alloys. J Nucl Mat 159:225, Octo- 
ber 1988. 


Chan HT: see Toth PS et al 


Chu FY. 

Applications of high temperature superconducting materials in the 
electric power system. In: Burnham CG, Kane RD, eds. Progress in 
high temperature superconductivity. Vol 8. Teaneck, NJ: World 
Scientific Press, 129, 1988. 


* denotes other than Ontario Hydro employee 
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Clark M: see Westwood HJ et al 
Cragg CB: see Toth PS et al 
Curtis KE: see Quaiattini RJ* et al 


DayalR, KleinR. 
CO?/ grout interactions and their relevance to C-14 attenuatio 
cementitious backfill materials. Radiochimica Acta 117:11, 19: 


Deans JJ: see Mukherjee PK 
Dhirani H: see Dick EP et al 


Dick EP, Dhirani H, Gupta BK, Powell PW*, Shinn RA*, 
Greenwood A*, Porter JW*. 

Review of generator surge coordination including generator bre 
ers. IEEE Power Delivery 3:599, April 1988. 


Dick EP, Gupta BK, Pillai P, Narang A. 
Practical calculation of switching surges at motor terminals. JE 
Energy Conversion 3 :864, December 1988. 


Dick EP, Gupta BK, Pillai P, Narang A, Lauber TS*, Sharma DI 
Prestriking voltages associated with motor breaker closing. IE 
Energy Conversion 3 :855, December 1988. 


Dick EP, Gupta BK, Pillai P, Narang A, Sharma DK*. 
Equivalent circuits for simulating switching surges at motor ter 
nals. IEEE Energy Conversion 3 :696, September 1988. 


Edwards GC: see Ogram GL et al 
El-Kady MA: see Anders GJ et al 
Endrenyi J: see Sim SH 


Erven CC. 

500-kV insulator flashover at normal operating voltage. CEA Ex 
neering and Operating Division Transactions 1987-1988 27: 
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stresses in northeastern North America. GAC-MAC-CSPG Joint 
Meeting, St. John’s, Newfoundland, May 24-26, 1988. 


McKinley RS. 
Use of behavioural stimuli to control fish movement. Harbour 
Commission, Santa Cruz, California, May 1988. 


McKinley RS. 

Use of behavioural stimuli to divert salmon smolts from hydro- 
electric station intakes. Directorate of Nature Management, Trond- 
heim, Norway, April 1988. 


McKinley RS, Patrick PH, Mussali Y*. 
Controlling fish movement with sonic devices. International Water 
Conference, Portland, Oregon, March 1988. 


PRESENTATIONS 


McKinley RS: see Rodgers DW 


McQueen RL: see Clark M et al 


“Melo OT. 


The greenhouse effect. Meeting of the Canadian Federation of Uni- 
versity Women — Sarnia Chapter, Sarnia, Ontario, October 25, 
1988. 


Melo OT. ; 
The greenhouse effect. Meeting of the Prudential of America Retirees 
Group, Toronto, Ontario, October 26, 1988. 


Melo OT. 

The impact of climate change on the Great Lakes basin: electricity 
supply and demand in Ontario. First United States / Canada Sympo- 
sium on Impacts of Climate Changes on the Great Lakes Conference, 
Oak Brooks, Illinois, September 27-29, 1988. 


Melo OT, Tam YT, Farzaneh M*. 
Freezing rain and fog events in Southern Ontario: properties and 
effects on EHV transmission systems. Fourth International Confer- 


ence on Atmospheric Icing of Structures, Paris, France, September 
5-7, 1988. 


Mintz JD. 
Experience with polymeric underground cable in service in Canada. 
CEA Spring Meeting, Montreal, Quebec, March 24, 1988. 


Mintz JD. 
Underground cable — problems, solutions, the future. MEA Sum- 
mer Conference, Toronto, Ontario, June 8, 1988. 


Moan G: see Leger Met al 


Moles M. 
Crack depth measurements. COG Fuel Channel R@D Centre, 
Toronto, Ontario, April 11, 1988. 


Morrison HD, Hackett PA*, Bourne OL*, Rayner DM%*, 
Montgomery J*. 

Resonance ionization of hyperfine levels of zirconium-91 using a 
pulsed single mode laser. Fourth International Symposium on Reso- 
nance Ionization Spectroscopy and Its Applications, Gaithersburg, 
Maryland, April 10-15, 1988. 


Morrison HD: see Woodall KB et al 


Mozes MS. 
Pilot scale studies of sorbent injection. CIDA/EPRI Seminar 1017, 
Xian, Peoples’ Republic of China, August 30-September 9, 1988. 


Mozes MS, Mangal R, Chiarotto F, Dobson T. 

Catalytic combustion additives for Pf-fired boilers. Power Gener- 
ation — Conference for Fossil and Solid Fuel Power Generation, 
Orlando, Florida, December 6-8, 1988. 


Mozes MS, MangalR, ThampiR. 


_ Ash conditioning for improved ESP performance. Fuel for Today 


| 


and for the Future — Fall Meeting of the American Flame Research 
Committee, Pittsburgh, Pennsylvania, October 4-6, 1988. 


Mozes MS, Mangal R, ThampiR. 

Ontario Hydro’s R&D on sorbent injection waste. I: Characteriza- 
tion and conditioning. Materials Research Society 1988 Fall Meet- 
ing, Boston, Massachusetts, November 28—December 3, 1988. 
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Mozes MS, Mangal R, ThampiR. 

Sorbent slurry injection for SO control. First Combined FGD and 
Dry SO2 Control Symposium, St. Louis, Missouri, October 25-28, 
1988. 


Mullins DF, Janis WJ, Azizian H, Robins JR. 

Improvements in oxidation resistance by deuteration. Third Inter- 
national Symposium on the Synthesis and Applications of Isotopi- 
cally Labelled Compounds, Innsbruck, Austria, July 17-22, 1988. 


Narang A, Gupta BK, Dick EP, Sharma DK*. 

Measurement and analysis of surge distribution in motor stator 
windings. IEEE Power Engineering Society Summer Meeting, Port- 
land, Oregon, July 24-29, 1988. 


Narang A: see Gupta BK et al 
Ng MKC: see Cenanovic MB et al 
Noble KD: see Anders GJ et al 


Oda SJ. 
Electrotechnologies for industrial process. Perth Area Industrial 
Seminar, Perth, Ontario, January 7, 1988. 


Oda SJ. 
Electrotechnologies in industry. Canadian Electrical Association 
Annual Marketing Meeting, Toronto, Ontario, May 10, 1988. 


Oda SJ. 

Process applications laboratory for electrotechnology studies. Elec- 
tric Power Research Institute Technical Review Meeting, Austin, 
Texas, June 28, 1988. 


Oda SJ, Balbaa IS. 

Microwave processing at Ontario Hydro’s Research Division. 
Materials Research Society Symposium (Microwave Processing of 
Materials), Reno, Nevada, April 5-8, 1988. 


Ogram GL. 

HT dispersion experiment, June 10, 1987, Chalk River, Ontario, 
Canada— summary of results. Review Meeting on Canadian and 
French HT Dispersion Experiments, Cadarache, France, September 
26-28, 1988. 


Ogram GL, Spencer FS, Brown RM. 

The fate of tritium released as HT —a field experiment. Thirty- 
Third Annual Meeting of the American Health Physics Society, 
Boston, Massachusetts, July 4-8, 1988. 


Ogram GL: see Curtis KE et al 

Orlowski W: see Stonkus DJ 

Patrick PH. 

Remote sensing using hydroacoustics. Acoustical Society of Amer- 
ica, Honolulu, Hawaii, November 14-18, 1988. 

Patrick PH: see McKinley RS et al 


Perlman M. 
The Feathers Restaurant. ASHRAE Toronto Chapter Meeting, 
Toronto, Ontario, January 4, 1988. 


Perlman M. 
Water heating technologies. Ontario Hydro Water Heating Tech- 
nical Committee Meeting, Toronto, Ontario, May 31, 1988. 


PRESENTATIONS 


Radhakrishna HS: see Anders GJ et al 
RamaniN: see Krishnasamy SG et al 
Reichman J: see Kuffel J et al, Vainberg M et al 


Rizzetto S, Fujimoto N, Stone GC. 

A system for the detection and location of partial discharges using 
x-rays. Iwenty-Seventh Annual Meeting of the Canadian Society of 
Zoologists, Halifax, Nova Scotia, May 15-18, 1988. 


Robins JR: see Mullins DF et al, Woodall KB et al 


Rodgers DW. 

Tritium dynamics in mice. Twenty-Seventh Annual Meeting of the 
Canadian Society of Zoologists, Halifax, Nova Scotia, May 15-18, 
1988. 


Rodgers DW, Ihssen PE*, Martin GW*. 

Examination of possible stock structure of Great Lakes alewife, 
Alosa pseudoharengus. 1988 Annual Meeting of the American Fish- 
eries Society, Toronto, Ontario, September 12-15, 1988. 


Rodgers DW, McKinley RS. 

Partitioning of gamma-emitting radionuclides in Lake Ontario sedi- 
ments. Twenty-Third Canadian Symposium on Water Pollution 
Research, Burlington, Ontario, February 18, 1988. 


Sawyer D: see Stone GC et al 


Sedding HG, Stone GC, Braun JM, Hogg WK*. 

The relationship between partial discharge activity and hydrogen 
diffusion in epoxy resin and epoxy/ mica composites. Fifth Interna- 
tional Conference on Dielectric Materials, Measurements and Appli- 
cations, Canterbury, England, June 27-30, 1988. 


Shek GK, Graham DB. 
Effects of loading and thermal maneuvers on delayed hydride 
cracking in Zr-2.5 wt% Nb alloys. Eighth International Conference 


on Zirconium in the Nuclear Industry, San Diego, California, June 
20,1988. 


Shek GK: see Wallace AC et al 


Shmayda WT, Kherani NP. 
Uranium for hydrogen isotope removal from inert gas streams. 


International Symposium on Fusion Nuclear Technology, Tokyo, 
Japan, April 10-15, 1988. 


Shmayda WT, Kherani NP, Winter J, Waelbroeck F. 

Atomic hydrogen radial flux dependence on plasma parameters in 
TEXTOR. Plasma Surface Interactions in Controlled Fusion 
Devices, Julich, West Germany, May 2, 1988. 


Shmayda W: see Heics A et al 

Sidey D: see Brown J et al, Clark M et al 

Sim SH: see Endrenyi J 

Singh VP. 

Separation of hydrogen isotopes by a flowing bed process. Third 


Topical Meeting on Tritium Technology in Fission, Fusion and Iso- 
topic Applications, Toronto, Ontario, May 1-5, 1988. 


SO 


Singh VP, Chang S-D. 

Pressure tube leak simulation tests at Pickering GS. Third Inte 
tional Topical Meeting on Nuclear Power Plant Thermal Hydrat 
and Operations, Seoul, South Korea, November 14-17, 1988. 


Smith GK: see Lukajic BJ et al 


Spencer FS. 

Organically-bound tritium. Review Meeting on Canadian 
French HT Dispersion Experiments, Cadarache, France, Septer 
26-28, 1988. 


Spencer FS: see Ogram GL et al 


Stevens DJ. 
Industrial electrotechnology. An Industrial Seminar, Bellev 
Ontario, June 3, 1988. 


Stone GC. 

Aging of insulation in high voltage equipment. International Ass 
ation of Science and Technology for Development (IASTED) Con 
ence on High Technology in the Power Industry, Phoenix, Arizc 
March 4, 1988. 


Stone GC, Gupta BK, Sawyer D. 

Electrical testing of generator station cables. EPRI Workshop 
Power Plant Conditioning Monitoring, San Francisco, Califor: 
February 16-18, 1988. 


Stone GC, Lloyd BA, Gupta BK. 

The ability of diagnostic tests to estimate the remaining life of stz 
insulation. IEEE Winter Power Meeting, New York, New Yc 
January 31—February 4, 1988. 


Stone GC, Van Heeswijk RG*. 

Electroluminescence from epoxy insulation under impulse voltz 
IEEE Conference on Electrical Insulation and Dielectric Phenome 
Ottawa, Ontario, October 17-20, 1988. 


Stone GC: see Lyles JF et al, Rizzetto S et al, Sedding HG et al, \ 
Haeren RJ et al 


Stonkus DJ. 
Large scale cable fire tests. Fire Hazard Testing Seminar, Toror 
Ontario, October 11,1988. 


Stonkus DJ. 

Physical degradation assessment of generating station cables. Ei 
Workshop on Plant Life Assessment, San Francisco, Califorr 
February 16-18, 1988. 


Stonkus DJ, Orlowski W. 

Fire protective coatings as applied to PVC jacketed cables. Societ: 
Plastics Engineers Vinyl Division Regional Technical Conferer 
Montreal, Quebec, September 15-16, 1988. 


Strack JT. 

An overview of electrotechnologies and their use in industry. C 
University Information Meeting — University of Manitoba, W 
nipeg, Manitoba, October 3, 1988. 


Strack JT. 

An overview of electrotechnologies and their use in industry. C 
University Information Meeting — University of Alberta, Edm 
ton, Alberta, October 25, 1988. 


PRESENTATIONS 


Strack JT. 
An overview of electrotechnologies and their use in industry. CCE 
University Information Meeting — University of Calgary, Calgary, 
Alberta, October 27, 1988. 


Strack JT. 

An overview of industrial heat pumping opportunities. Seminar on 
the Potential Use of Heat Pumps in Brazil, Rio de Janeiro, Brazil, 
June 29-30, 1988. 


Strack JT. 
Dehumidification woed drying. Pembroke Industrial Seminar, Pem- 
broke, Ontario, April 7, 1988. 


Strack JT. 

Electroheat applications— recent activities at Ontario Hydro. 
Alberta Electric Utility Industrial Marketing Seminar, Calgary, 
Alberta, October 26, 1988. 


Strack JT. 

Electrotechnologies and their application in industry. CCE Uni- 
versity Information Meeting — University of Toronto, Toronto, 
Ontario, February 9, 1988. 


Strack JT. 

Electrotechnologies and their application in industry. CCE Univer- 
sity Information Meeting — University of Alberta, Edmonton, 
Alberta, March 8, 1988. 


Strack JT. 
Electrotechnologies and their application in industry. CCE Univer- 


sity Information Meeting — University of Calgary, Calgary, Alberta, 
March 9,1988. 


Strack JT. 

Electrotechnologies and their application in industry. CCE Univer- 
sity Information Meeting — University of Western Ontario, London, 
Ontario, March 15,1988. 


Strack JT. 
Industrial electrotechnologies. Central Region Industrial Seminar, 
Toronto, Ontario, June 16, 1988. 


Strack JT. 

Practical experiences with industrial heat pumps in Canada. Semi- 
nar on the Potential Use of Heat Pumps in Brazil, Rio de Janeiro, 
Brazil, June 29-30, 1988. 


Tam YT: see Melo OT et al 

ThampiR: see Mozes MS et al 

Tristani RM: see Dale PE 

Vainberg M, Kuffel J, Reichman J. 

Short circuit capacity of temporary grounding cables. IEEE Winter 
Power Meeting, January 31-February 5, 1988. 

Vainberg M: see Kuffel J et al 


Vanderglas B. 
Use of ABAQUS for non-standard application. ABAQUS User's 
Meeting, Newport, Rhode Island, May 30, 1988. 


Van Haeren RJ, Stone GC, Kuurstra J, Dal MinaR. 

Metalclad switchgear monitoring system. Pennsylvania Electric 
Association, Electrical Equipment Committee Meeting, Hershey, 
Pennsylvania, September 19-21, 1988. 


il 


Vascotto GL. 

Potential for intensive aquaculture of Macrobrachium rosenbergiiin 
central Canada. Aquaculture Association of Canada Congress and 
Exposition, Vancouver, British Columbia, September 6-9, 1988. 


Waelbroeck F: see Shmayda WT et al 


Wallace AC, Lepik OE, Shek GK. 

Effects of hydride morphology on Zr-2.5 Nb fracture toughness. 
Eighth International Conference on Zirconium in the Nuclear Indus- 
try, San Diego, California, June 20, 1988. 


Wallace AC: see Leger M et al 


Wang L. 

Approximate confidence bounds on Monte Carlo simulation 
results for energy production. IEEE-PES Winter Meeting, New 
York, New York, January 31—February 4, 1988. 


Wang L. 

Protection systems and the reliability of power systems. IEEE-PES 
Winter Meeting, New York, New York, January 31—February 4, 
1988. 


Watson NJ: see Leger M et al 
Westwood J: see Clark M et al 


Whitmell HE. 

Custom-made microchips for cost reduction and high reliability. 
Seminar for Ontario Hydro Staff, Toronto, Ontario, March 22, 
1988. 


Winter J: see Shmayda WT et al 


Woodall KB, Morrison HD, Robins J, Bartoszek FE. 

Tritium laser isotope separation. Canadian Fusion Fuels Technology 
Project Progress Review Meeting, Clarkson, Ontario, January 26, 
1988. 
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TINA TIDIWISN ART" =e 


Ontario Hydro’s power system is operating 
smoothly. To be able to say this of a system 
limited by its transmission capabilities is to 
pay sincere tribute to a protracted and inten- 
sive research and development effort carried 
out at Ontario Hydro. Key players are the 
Research and System Planning Divisions, 
which, as long ago as the early 1960s, initiat- 
ed an intensive effort to develop and imple- 
ment novel excitation control schemes and 
better models for the enhancement of power 
system stability. 

Since this early effort, work related to pow- 
er system stability control has come a long 
way. Each application of a power system sta- 
bilizer has resulted in the development of a 
refined version. By the early 1960s, the first 


speed-based delta-omega stabilizers were de- | 
veloped for application in hydraulic units. | 


Later application of this design in a fossil- 


fired station presented problems that further | 


research attributed to torsional oscillations. 
These problems were resolved, and since then 


a more efficient stabilizer (the delta-P-omega | 


stabilizer) has been developed. 
To maintain stability following severe sys- 


\ 


tem faults, a transient stability excitation con- 
trol was developed and installed on major 
generating units. These innovative designs 
would not have been possible without the 
concomitant development of analytical mod- 
els, such as new mathematical models for 
generators and their controls. This combina- 
tion of stability controls has allowed in- 
creased power transfer without risk of system 
instability, thereby saving Hydro’s customers 
millions of dollars. 

The significance of this highly innovative 
research contribution is probably best appre- 
ciated only by power system experts. Howev- 
er, the success of the cooperative effort of 
Research and System Planning Divisions is 
attested to by its world-wide recognition. 
Power system stabilizers have been supplied 
to Saskatchewan, Nova Scotia, New Bruns- 
wick, and Australia with consulting services 
being provided in places as far flung as 
China and Taiwan. The Hydro approach to 
power system stabilization is a de facto indus- 
try standard, establishing Ontario Hydro as 
the undisputed leader in power system stabili- 
ty analysis and control. 
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VICE PRESIDEN TssoViE SS AGE 


Al Holt, Vice 
President of 
Corporate Planning 
Branch, Don Mills, 
Director of Research 
Division, and 
Harry Kirwin, 
Station Manager of 
Nanticoke TGS dis- 
cuss the optimization 
of generator perfor- 
mance and reliability. 


he 1990s promise to be very challenging for Combustion turbine generators and combined cycle 
Ontario Hydro. The new problems confront- and integrated gasification combined cycle plants are 
ing the Corporation — ensuring that Ontario’s two of the technologies that have been identified. 
rapidly growing electrical demand will be met There will be others, in the next ten years. 
over the next 25 years, and doing this in an environ- In addition to its traditional role, the Research 
mentally acceptable way - will create new challenges Division must address the growing and pressing prob- 
for the Research Division. lem of environmental damage associated with the 

The Division must continue to help Ontario Hydro production of electricity. Research is tackling the issue 
fulfil its traditional role of providing safe, reliable, directly by developing new and better ways to deal 
electricity for the people of this province. It must also with problems such as acid gas emissions and the dis- 
play an increasingly important role in minimizing the posal of ash, pcss, and high-level nuclear waste. 
impact of Hydro’s activities on the environment. Research also helps increase the efficiency with which 

During the past year, system demand reached an all- consumers use electricity. The less capacity needs to be 
time high; the Corporation published its 25-year plan, increased, the fewer the environmental problems there 
the most far-reaching in its history; and the first steps are to solve. A good deal has already been achieved in 
to transform Ontario Hydro into a fundamentally these areas, but there is much more that can and will 
service-oriented corporation were taken. be done. 

The 25-year plan proposes a number of options for During its long history of support for the operation 
meeting power system requirements. Regardless of of the power system, the Research Division has dealt 
which option is selected, it will be necessary to main- effectively with the various demands placed upon it. 
tain and enhance the performance of existing plant as I am confident that it will continue to play a vital role 
well as to utilize new technologies. The Research in resolving the daunting technical and managerial 
Division has a very important role to play in support challenges the Corporation will face in the 1990s. 


of these objectives. 
To get more out of its existing facilities, Ontario 
Hydro will have to expand its anticipatory approach 


to maintenance and aggressive life extension efforts. 
Products like the Partial Discharge Analyzer and - 
machine vibration monitors will therefore become 


more important. In the 1990s, as the gap between 
generating capacity and demand closes, research 
directed at life expansion of existing stations will in- 
evitably assume more importance. 
The long-term plan also calls for new technologies A.R. Holt 
to be used to meet generation needs, and the operating 
groups within the Corporation will need the support 
of the Research Division to implement them effectively. 


DIRECTOR’S MESSAGE 


uring the past year, the Research Division 
underwent a comprehensive review of its 
organization and productivity. The com- 
pletion of this process has positioned the 

Division to meet both the technical and management 


challenges of the coming decade. Because of the imple- 
mentation of new technologies and the ever increasing 
demands being made by our customers upon an aging 


power system, the scientific and technical support 


provided to the Corporation by the Division can only 


grow in importance. 


For more than seventy-five years, Ontario Hydro has 


been investing in the “technological insurance” pro- 
vided by the products of research and development. 


This investment has provided benefits in avoided costs 


and improved reliability that have far exceeded the 
costs of operating the research function. Indeed, con- 


trary to the traditional view, R&D should be considered 


a profit-making enterprise rather than an additional 
cost of doing business. In the coming years, the need 


to maintain and extend the life of existing facilities and 


to provide support for new technologies will increase 
the need for the Research Division to perform its 
function efficiently and effectively. 


In 1989, the Research Division had many opportuni- 
ties to demonstrate how the Corporation’s investment 


in research has paid off. A number of these examples 
are described in the theme article, which considers 
the role of R&D in the provision of “technological 
insurance” to the Corporation. Topics covered in the 


article range from the development of a new concrete, 


through the investigation of the impact of zebra 
mussels on system operation, to the development and 
implementation of a novel gas flow measuring device 
in a nuclear station. It is important to remember that 
the benefits deriving from this work result as much 
from the years of investment in the development of 
expertise as they do from the projects described. 
Without a continuing investment in anticipatory 
research, the future needs of the Corporation cannot 
be well served. 


In the past, the staff of the Research Division have 
risen to the challenges provided by Ontario’s power 
system, by new technologies, and by organizational 
issues, and through their endeavours, have built an 
enviable record of success. I would like to thank the 
Managers of the Research Division and their staff for 
contributing to this longstanding record of achieve- 
ment in 1989. 


D. Mills 


SAFEGUARDING CORPORATE INVESTMENT: 
RESEARCH AND DEVELOPMENT 
AS TECHNOLOGICAL INSURANCE 


ntario Hydro is entering a critical period. 

If the reliability and economic price of 

electricity, a product that Ontarians take 

for granted, is to be maintained, the very 
best value must be extracted from every available 
megawatt of electric power that Ontario Hydro pro- 
duces. To provide the very best value, the Corporation’s 
generation, transmission, and distribution facilities 
must be operating reliably at a cost that reflects maxi- 
mum benefit with minimum expenditure. It is essential 
that Ontario Hydro meet these challenges because, 
overall, the province is experiencing a five-percent 
increase in demand for electrical energy each year. 
Growth in electrical demand is tied to growth of the 
economy, so that the long-term trend, in spite of 
transient fluctuations, will be ever upward. 

It is now generally recognized that the economy is 
becoming increasingly dependent on the successful im- 
plementation of a wide range of new technologies. It 
is fortuitous that Ontario Hydro has always implicitly 
accepted this fact and has pioneered technological 
innovation for more than 80 years. This pioneering 
spirit has led to a successful integration of an in-house 
Research and Development (r&b) capability with the 
utility’s engineering and operations functions. The 
integration has paid off: the investment in R&D has 
provided benefits in avoided costs and reliability of 
supply that have far exceeded the cost of operating the 
research function. At the Research Division, effort 
expended on R&D is viewed as an effective means to 
protect the Corporation’s considerable assets by the 
provision of “technological insurance”. 

Ontario Hydro’s Rp capability has been further 
enhanced by the development of links with other 
organizations and by an active search for funding from 
other utilities (most notably through the Canadian 
Electrical Association and the Electric Power Research 
Institute). A related and useful activity is the forging of 
links with individual utilities and universities and 
participation in industrial development projects aimed 
at solving operating problems. One such problem, 
which is related to the reduction of SO, emissions, is 
occurring in large electric smelting furnaces. All these 
activities allow the Research Division to fulfil its mis- 
sion of providing the very best technological leadership 
through research and development, which creates 
opportunities for researchers to help Ontario Hydro 
meet its goal of supplying reliable power safely and at 
the best possible price. 

A high priority for Ontario Hydro is the protection 
of its thirty-billion-dollar investment in physical plant. 
Maintaining the integrity of the utility’s nuclear, hy- 
draulic, and thermal stations is important not only in 
terms of dollar savings, but also in terms of ensuring 
the optimal functioning of the whole of Ontario’s 
power system in the future. Theoretically, if a potential 
problem can be identified and the right solution found 
before it becomes critical, the operation of a genera- 
ting station can be extended far beyond its planned 
in-service life span. 


The Civil Research Department is heavily com- 
mitted to making significant life extension of physical 
plant a reality. In a search for repair materials that can 
ensure the optimal reliability of generation and trans- 
mission facilities, a considerable amount of work has 
been done on the identification and assessment of the 
long- and short-term physical characteristics of repair 
materials suitable for concrete structures. 

Placement and handling of materials used in the 
construction and repair of transmission lines always 
presents a challenge. The perfect material would allow 
a field worker to mix it, place it, and walk away from it. 
When repairs are needed in remote locations, such as 
in northern Ontario, these three criteria are of inestim- 
able importance. Ironically, winter is the best time to 
carry Out transmission line construction and repair 
because frozen ground makes access for heavy 
machinery easier. Severe winter conditions, however, 
cause serious problems in the placement of concrete 
foundations since normal Portland cement will not 
develop strength under cold temperatures unless costly 
and time-consuming concrete curing precautions are 
taken. These precautions include preheating the rock 
surface for 24 hours and then, when the concrete is 
placed, covering the repair area, and keeping it heated 
for three days in order to properly cure the concrete. 
The value to Ontario Hydro of a concrete that could 
be placed without such measures is significant. 

As a response to this need, in collaboration with a 
local manufacturer, a polymer-based concrete was 
developed. The material was revolutionary. The very- 
low-temperature concrete properly cures and develops 
its full strength at temperatures as low as -25°C with- 
out the need for heating and housing. 

The material was developed over the period 1986 to 
1988, with its first application beginning in late 1987. 
The concrete is expected to have significant and wide 
ranging benefits not only for Ontario Hydro, but also 
for the construction industry at large. 


ZT Se 3 
Ce 


Repairs to concrete 
foundations of trans- 
mission towers con- 
tribute to an increase 
in their lifespan. 
Repairs have been 
greatly facilitated by 
the development of 
low-temperature 
concrete. 


The low-temperature concrete obviates the need for 
costly provision of heat, thereby shortening drama- 
tically cold weather concrete placing schedules. 
Construction flexibility is improved, and project costs 
are reduced, both of which serve to benefit builders 
and customers. Of benefit specifically to Ontario 
Hydro was a six-month reduction in the overall 
schedule required to construct a transmission line 
between Hanmer and Mississagi transformer stations, 
a distance of 200 kilometres. The material has also 
been used to replace deteriorating concrete footings on 
energized transmission lines within half a working day. 

Tangible benefits to the Corporation are significant. 
Two million dollars were realized to date, with future 
savings over the next several years expected to be in the 
hundreds of millions. External to the Corporation, 
this innovative concrete has made its mark. It has been 
used successfully in bridge construction and main- 
tenance and in other major construction projects in 
North America. 

A dam failure has the potential to harm lives and 
towns, as well as the environment. Additionally, the 
cost of lost power attributable to dam failure could be 
considerable. The importance of a system that can give 
early warning of potential dam failure is obviously 
important. The monitoring systems being developed 
by the Civil Research Department will make it much 
easier for staff to react to, and resolve, a problem 
before it becomes serious. New electronic monitoring 
instrumentation being designed in the remote monitor- 
ing project will replace those local monitoring systems 
currently in use. Once completed, newly developed 
instrumentation will provide automatic, immediate, 
and continuous data that can alert off-site staff to 
potential problem areas. Successful implementation 
of these systems at hydraulic stations will provide 
engineers and technicians with timely information on 
the behaviour of dams and ensure that these facilities 
will continue to be available for electricity generation. 

Another process that impacts significantly on ensur- 
ing the continued reliable operation of generating 
plants is the corrosion-induced degradation of critical 
components. Particularly at risk are steam generators 
and heat exchangers, and significant and successful 
work on the understanding of the corrosion process as 
it relates to these components has been ongoing for a 
long time. 

Work on steam generator corrosion actually began in 
the mid-1970s. At that time, although Ontario Hydro’s 
steam generators were giving outstanding performance, 
the rest of the world was beginning to have problems 
with these components. It was recognized that, although 
the utility’s steam generators were operating well, the 
global situation was giving early warning of the risk of 
similar problems developing. 

In the Canadian Deuterium Uranium (canpv) 
system, steam generators represent the thinnest and 
largest surface area of the primary system pressure 
boundary. Failure of this boundary could lead to heavy 
water leaks and consequent shutdown as well as to 


early repair problems. In addition to leakage, fouling 
of steam generators or their support structures could 
cause unit deratings, which would incur major eco- 


nomic penalties. Reliable steam generator performance 


is therefore essential. The approach to warding off 
potential problems is comprehensive, and research in 
this field has concentrated on two main areas. First, 
work to optimize system chemistry by isolating and 
defining the consequences of unexpected changes in 
chemistry on system integrity was carried out to 
prevent reliability problems from occurring. Second, 
chemical methods have been developed to remove 
corrosion-inducing deposits, if these were to become 
of concern to operators. 


A field inspection of 
concrete footings is 
in progress. Non- 
destructive test equip- 
ment allows in situ 
inspection of the 
foundations. 


Ass part of corrosion 
studies on steam 
generators, 

Alan McBride, 
chemical technician, 
injects chemicals 

into a high-pressure 
autoclave to remove 
oxygen in the solution. 


Irene Cord, biological 
researcher, counts 
sulphate-reducing 
bacteria (SRBs) in a 
culture. SRBs are 
frequently implicated 
as causal agents in 
the microbially- 
influenced corrosion 
processes. 


More recently, the importance of biological activity 
in the corrosion damage of heat exchangers has been 
undergoing close scrutiny. Corrosion of these com- 
ponents has the potential of contributing not only to 
increased operating costs, but also to the cost of replace- 
ment energy and for materials needed to replace heat 
exchanger components. 

The biological factor is only one aspect of what 
appears to be a complex multidisciplinary chemical, 
biological, and physical interaction, which becomes 
active in the corrosion process when new heat ex- 
changers are first exposed to lakewater. At this time, the 
heat exchanger is readily colonized by microorganisms. 
Proliferation of these organisms and an accumulation 
of organic and inorganic materials lead to the forma- 
tion of a biofilm on metal surfaces, which facilitates 
subsequent breakdown of the protective oxide layer. 
Pitting and under-deposit corrosion can occur as a 
result. Sulphate-reducing bacteria (srBs) are frequently 
implicated as causal agents. 

The recognition of the importance of micro- 
organisms in heat exchanger corrosion failures prompted 
the initiation of two major research projects. The two 
projects, which began in 1989, share the objectives of 
increasing understanding of the role of biological 
factors in the corrosion process and in determining 
ways to reduce the amount of corrosion. The first 
project will determine whether the surface modifica- 
tion of heat exchanger materials increases resistance to 
corrosion; the second will determine the role of 
anaerobic microbes in the pitting of heat exchanger 
materials. A successful research outcome will reduce 
the risk of failure attributable to microbially influenced 
corrosion. The potential benefits are substantial reduc- 
tions in capital and operating costs for heat exchanger 
systems at both nuclear and fossil-fired generating 
stations. Technology transfer could extend these bene- 
fits well beyond Ontario Hydro into the private sector, 
a concomitant effect being an advance in corrosion 
control technology. Both projects will be conducted 
under accelerated test conditions. Corrosion activity 
will be monitored by using electrochemical techniques 
in conjunction with subsequent surface analysis. 
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In the laboratory, metal samples, including some 
surface modified materials, are exposed to accelerated 
corrosion conditions by immersion in cultures con- 
taining sulphate-reducing bacteria. The samples are 
removed for testing and surface analysis at predeter- 
mined intervals. It is expected that surface coatings will 
influence corrosion rates by changing the extent of bio- 
film adhesion, by modifying the electrochemical pro- 
perties of the metal surface, and by presenting a 
physical barrier to aggressive chemical and bacterial 
species. The resulting data should provide a clear indi- 
cation of the role of surface modification in reducing 
corrosion rates and microbial attachment. 

The intensive laboratory component of the surface 
modification project is to be complemented by a field 
component. In the field study, heat exchanger tubing, 
treated in the same way as the laboratory samples, is to 
be placed in a test rig that simulates conditions within 
a moderator heat exchanger. The resulting data will 
permit comparison of laboratory results with those 
obtained under actual operating conditions. 

Multidisciplinary problems require multidisciplinary 
approaches. Consequently, involvement in the study 
team is wide ranging, involving water chemists, biol- 
ogists, corrosion experts, and electron-optics specialists. 
The project also involves close collaboration with the 
Chemistry and Metallurgy Section of Central 
Production Services. 

Ontario Hydro’s operation is being threatened by 
an unusual problem. An exotic species of mussel has 
been introduced in the Great Lakes. Dreissena 
polymorpha (the zebra mussel), a common freshwater 
bivalve of European origin, was introduced into Lake 
St. Clair in 1985. The organism, undoubtedly intro- 
duced as a result of discharge of ballast water from a 
European ship, will, if uncontrolled, foul the water 
intakes of Ontario Hydro’s generating plants situated 
on the Great Lakes. The problem is one with which 
the European power industry has been wrestling for 
many decades. 


Biologists inspect 

rocks at Mohawk 

Point on Lake Erie. 

As suspected, the 

zebra mussels have 

spread along the 

northern shore of 

Lake Erie within 

one growing Season. | 


Since its introduction into Lake St. Clair, the zebra 
mussel has spread rapidly to the Detroit River and the 
Western and Central Basins of Lake Erie, as far as Port 


Maitland. The species has already reached Lake Ontario, 


and its ultimate spread into the rest of the Great Lakes 
and inland waterways appears inevitable. As a response 
to this escalating and potentially serious situation, the 
Biological Research Section of the Chemical Research 
Department has been participating in a concerted 
multidisciplinary effort to ensure that remedial stra- 
tegies were in place prior to the organism’s arrival at 
Ontario Hydro’s generating stations. 


Without proper control, the mussel will undoubtedly 


colonize parts of Ontario Hydro’s water intake struc- 
tures, which will result in detrimental effects that 
include severe restriction of cooling water flow in 
generating plants. Additionally, their growth or the im- 
pingement of shells on condenser and heat exchanger 
tubing may diminish plant performance through block- 
age or degradation of heat transfer. A concomitant 
problem may be the corrosion-inducing anaerobic bac- 
terial activity that may occur underneath excrescences 
of the zebra mussel. 

Once established, zebra mussels spread quickly. By 
May 1989, the Chickenolee Reef, an important spawn- 
ing ground for whitefish and walleye, was 90 percent 
covered by a single layer of mussels and, by October, 
was totally buried three layers deep. The loss of this 
reef and others like it could herald the loss of walleye 
and whitefish as commercially valuable species. More 
ominous for Ontario Hydro’s operation is that, by the 
spring of 1989, mussels had already begun to show up 
in the intake pipes of eight municipal water treatment 
plants on Lake Erie, the Detroit River, and Lake 
St. Clair. By October, the intake capacity of the pipes 
was down twenty five percent. The pipes, some of 
them, six kilometres long, will have to be replaced at 
a cost of $1 million per kilometre. 


As no universally acceptable method of controlling 
the mussel exists, and the need for mitigating action 1s 
immediate, information from research studies is ur- 
gently needed to develop a control strategy. Currently, 
a successful dispersal monitoring program is in place 
that allows early detection and subsequent tracking of 
the mussels’ progression. By September 1989, the 


organisms, at the settlement stage of their development, 


were identified over the intake valves of Ontario 
Hydro’s Nanticoke power station, which 1s situated at 
the east end of Lake Erie. Monitoring blocks sub- 
merged in the forebays of the station indicated that 
infestation was at a density of 100,000 mussels per 
square metre. Ontario Hydro’s Environmental Protec- 
tion Department had anticipated their arrival and had 
installed fine mesh screens across internal pipes. At 
this settlement stage, however, the mussels are minute, 


approximately 0.2 mm in length (no larger than the tip 


of a pen), so that they can easily pass through most 
fine strainers. Further inspection confirmed that 
colonization in service water piping and in fire pro- 
tection systems had taken place. Intermittent control 
treatments began in October. 


Zebra mussels settle 
one on top of the 
other. The resulting 
thick layer can create 
major clogging in 
water systems infested 
by the species. 


Divers inspect zebra 
mussel-infested rocks 
offshore. Determina- 
tion of distribution 
at various depths may 
help in the develop- 
ment of strategies to 
preclude infestation 

of stations. 


Judy Kwik, biologist, 


determines the 
density of mussels on 
rocks at Mohawk 
Point. The rate of 
growth of mussels 
can be determined by 
changes in their size 
and structure. 


To supplement the use of monitoring blocks, plexi- 
glass sidestream samplers, with growth chambers, have 
been designed for use 1n each station. These trans- 
parent boxes contain removable plates that are fabri- 
cated from materials used in the construction of ge- 
nerating plant and from materials known to be favour- 
able for mussel attachment. If mussels are present in 
any system, they can be readily detected upon examin- 
ation of the plates. 

To develop an effective control strategy for the 
zebra mussel, an extensive knowledge of its ecology and 
physiology is required. A breeding colony is being 
established in the laboratory for use in long-term studies 
designed to provide information on the organism’s 
response to currents, temperature, pressure, turbulence, 
and thermal shock. Simultaneous field studies will 
collect data on depth distribution, reproductive habits, 
growth, seasonality, and substrate preference. Although 
it would appear from initial studies that at least several 
aspects of the biology of Dreissena in Lake St. Clair 
resembles European populations, the findings will need 
verification. This research is being conducted in 
conjunction with the University of Guelph. 


The current practice of using various chemicals to 
control mussel populations may not be approved by 
the Ministry of the Environment for continuous use. 
And even if a few chemicals are approved, they will 
have to be thoroughly evaluated with respect to their 
potential effect on other organisms. Alternative con- 
trols are being investigated, and these include ozona- 
tion, filtration, anti-fouling coatings, and use of electric 
fields. As each type of control has limited usefulness, 
it 1s li kely that total control will involve a combinicen 
of various technologies. 

The work on the zebra mussel clearly demonstrates 
how a research capability and active research in a variety 
of areas provide the Corporation with a “technological 
insurance policy”. This policy will ensure that few 
surprises occur with attendant major failures of the 
bulk electricity system and that, when crisis situations 
arise, effective support is available to quickly provide 
ways to correct the situation. The research and develop- 
ment work can be viewed as an activity designed to 
protect the Corporation’s assets. In this light, research 
and development can be seen as a major underpinning 
of the province’s future economic growth. 


Ontario Hydro’s nuclear facilities are not exempt 
from scrutiny. Like other types of power plants, nuclear 
stations are susceptible to aging. Even the aging of 
Darlington, not yet fully in service, must be taken 
seriously because, when this station is on line, nuclear 
power will account for fully 60 percent of the utility’s 
total energy production. 

When compared to their original design life of 
40 years, Ontario Hydro’s nuclear power plants are 
relatively young, the oldest commercial plant being 
approximately 17 years old. By the year 2000, however, 
several units will be approaching “old age”. Thus the 
question of maintaining safety and reliability of aging 
nuclear plant is becoming increasingly important. 

Yet, age-related degradation of plant components is 
a complex phenomenon not yet fully explored. 


It is fortunate then that expertise developed at the 
Research Division has found useful application in a 
most important multidisciplinary Nuclear Plant Life 
Assurance (NPLA) program. The overall program 1s 
designed to address uncertainties about age-related 
degradation of plant components so that potential 
problems can be identified and resolved before any loss 
of safety or reliability of supply occurs. The program 
draws on expertise from six of the Research Division’s 
departments, the overall program being directed by an 
inter-divisional steering committee with representatives 
from Design and Development, Nuclear Generation, 
and Central Production Services Divisions. 


Instrumentation and 
monitoring systems 
have been installed 
in hydraulic stations 
to facilitate assess- 
ment of their condt- 
tion, which, in turn, 
determines main- 
tenance needs in a 
timely manner. 


Mark Tinkler and 
Murray Mathers of 
the Research Division 


and IREQ% Jean-Luc 


Fihey look on as 
Hydrobot, a portable 
robot develo ped 
jointly by Ontario 
Hydro and IREQ, 
repairs cavitation 
damage on a turbine 
runner. 


Research Division efforts directed toward ensuring 
the optimal performance of Ontario Hydro’s nuclear 
plant are covered by two elements of the NPLA program. 
One element is committed to assure the life of nuclear 
plants during their normal service life of 40 years; the 
other element concerns life extension, which provides 
the option of extending the life of nuclear plant 
beyond normal service life. 

The first step in the NpLa methodology is to divide 
plant components —a nuclear plant has thousands — 
into two categories, critical and noncritical. Noncritical 
components are those that can be easily and economi- 
cally replaced and critical ones are those that are neither 
easily nor economically replaced, the failure of which 
would impact negatively on the safety, reliability, or life 
expectancy of a plant. Based on specific selection 
criteria, the list of critical components is prepared 
includes items such as fuel channels; steam generator; 
the calandria vessel, its supports and cooling system; 
primary and secondary heat transport system; vacuum 
building; and cables. 


The second phase of the program serves to identify 
what needs to be done. For each critical component, 
necessary initiatives are formulated to achieve an 
understanding of aging mechanisms, an early method 
of detection and prediction of age-related degradation, 
and a means of restoration of lost performance. 

The decommissioning of the Nuclear Power 
Demonstration (NPD) nuclear station after 25 years of 
Operation provided the NpLa program with an excellent 
opportunity to examine naturally aged plant com- 
ponents and materials. Since the plant components at 
NPD had been exposed to their operating environment 
longer than components in any other canbu plant, 
their examination will be invaluable in the identifica- 
tion of aging mechanisms not yet encountered in 
younger stations. 


During 1989, several research and development 
programs were identified as being necessary to support 
the NpLa program. The thrust of these programs was 
to assess the effect of service-related degradation 
mechanisms on materials used in the manufacture of 
critical components. The goal is to devise a standard- 
ized evaluation procedure to monitor and predict the 
remaining life of nuclear plant components. 

For example, assessment of fatigue damage and 
evaluation of fatigue crack growth and metal weld 
degradation are expected to be aided by the develop- 
ment of a data base of the properties of materials. 
Similarly, the extensive use of cables has given rise to 
another area in which new research and development 
initiatives have been identified. As a response to the 
critical nature and significant cost of installing cables, 
a program has been proposed to develop techniques 
to monitor and assess cable degradation and to predict 
remaining life. One technique under consideration 
will be to develop cable jacket materials that will indi- 
cate through an obvious colour change whether the 
materials have been exposed to damaging conditions. 

The reliability of Ontario Hydro’s plants is also 
enhanced by the development of sophisticated 
diagnostics, which allow determination of the actual 
condition of electrical equipment such as generators, 


motors, transformers, and switchgear. Appropriate 
diagnostics can warn operators of incipient problems 
well before a forced outage occurs, thereby allowing 
timely corrective action to be taken to minimize the 
impact on the power system. Some types of generator 
problems can be detected years in advance of actual 
failure, which permits maintenance measures to be 
planned in an orderly fashion, often at a fraction of 
the cost of a repair made on a reactive rather than on 
a planned basis. 

Specific diagnostic instrumentation that has been 
developed to date at the Research Division includes a 
Partial Discharge Analyzer that can evaluate the con- 
dition of stator insulation in hydraulic generators. 

A similar technology is being evaluated for detection of 
comparable faults in turbine generators, the monitoring 
of which has been much enhanced by a novel applica- 
tion of laser-based phosphor thermometry technology. 
A nitrogen laser puts out pulses of ultraviolet energy, 
which are then delivered by an optical fibre to excite a 
phosphor-resin mixture painted on the surface of the 
rotor. The resulting visible fluorescence is then picked 
up by a second optical fibre and transmitted to a 
detection system external to the generator. The light 
passes through a filter to isolate a particular emission 
line, which is then detected by a photomultiplier tube. 


Silvano Rizzetto of 
Electrical Research 
monitors an ultra- 
sensitive detection 
system that is used to 
test epoxy insulators 
used in gas-insulated 
switchgear. 


To make the most effective use of new and extensive 
conventional sensor data, a Generator Expert Monitor- 
ing System (GEMs) is being developed that incorporates 
advanced knowledge of machine operation to correlate 
the data and make recommendations concerning the 
condition of the turbine generator. 

Data collection and analysis are performed by a 
microcontroller-based system that first synchronizes 
the pulsing of the laser and the rotation of the rotor, so 
that the laser acts like a stroboscope to illuminate one 
spot on the rotor, and that subsequently determines 
temperature by evaluating the decay time of the phos- 
phor emission by comparing it to a calibration table. 
This novel diagnostic tool can give generator operators 
information to which they are currently not privy: 
namely data on temperature at specific locations along 
the length of the rotor. This will give advance warning 
of localized hotspots attributable to overheating of 
rotor insulation. This information can be used to 
prevent untimely equipment failure. 


To assure long-term 
reliability, an ultra- 
sensitive detection 
system has been de- 
veloped to test epoxy 
insulators in gas- 
insulated switchgear. 
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Laser technology is an important component of 
another piece of important work ongoing in the 
Research Division: the work allows measurement of 
the flow of annulus gas within the caNpu reactor. First, 
an explanation of the annulus gas system. 

In the calandria of the canpu reactor, pressure tubes 
containing nuclear fuel and hot pressurized water are 
surrounded by an annular space through which dry, 
chemically inert gas is flowing. Taking advantage of the 
presence of this dry gas provides the basis of a safety 
feature unique to the caNpu system. Continuous 
monitoring of the gas for moisture is important diag- 
nostically because the presence of moisture in the gas 
could indicate a leak in a pressure tube, the detection 
of which permits automatic shut-down of a reactor. 

In order to be able to monitor for moisture, it is 
necessary that gas flow be maintained in the annular 
space around each individual pressure tube. The ability 
to verify that flow is present, and at what rate gas is 
flowing, can assure the very highest level of leak 
detection. 


In addition to the safety concerns that could exist 
if a means of monitoring the flow of annulus gas were 
not available, there is also a hypothesis that, if pressure 
tubes are not subject to adequate gas flow in the 
annular space, they may demonstrate a higher rate of 
pickup of hydrogen than would otherwise be the case. 
Since hydrogen pickup is thought to be the factor that 
causes pressure tubes to become brittle, which results 
in expensive retubing operations, the validity of the 
theory is important. 

During the past year, Pickering Unit 3 was scheduled 
to be shut down for retubing operations. The situation 
provided researchers with a unique opportunity to 
prove or disprove the theory that relates to the relation- 
ship between hydrogen pickup and pressure tube 
embrittlement. This is because Pickering 3 could have 
all its tubes analyzed for hydrogen content after their 
removal. However, to make sense of this data, it was 
imperative that the annulus gas flow rate in each tube 
be determined before the reactor was dismantled and 
retubing began. If the annulus gas flow rate at 
Pickering 3 had not been measured before the dis- 
mantling operation began, the information leading to 
an understanding of the correlation between annulus 
gas flow and hydrogen pickup would have been lost 
forever. 

It was fortunate that a method of measuring gas flow 
in the annulus existed, at least conceptually. The 
original concept involved heating a “pigtail” with an 
electric heating element. Pigtails, so-called because their 
purpose of connecting the fuel channel gas annuli 
together sometimes required that they be looped 
around the channel to allow for expansion, were then 
photographed with a heat sensitive camera. In the 
laboratory, it was shown that, if gas were flowing, the 
hot spots appeared asymmetric. 

In practice, however, there were many obstacles to 
overcome. The major problem was one of access. The 
annulus gas flow has to be measured within the canpu 
reactor, a difficulty compounded by the fact that the 
reactor face is extremely congested with a forest of 
equipment. Additionally, pigtails are sometimes two 
metres from the closest point that can readily be 
accessed with measuring equipment. The objective was 
to build a non-invasive tool capable of measuring gas 
flow in all the pigtails of Pickering 3 reactor channels 
prior to the retubing operation, which was scheduled at 
the outset of the project to begin in mid-October 1989. 

Early in January, a team was assembled. The work, 
funded by Central Production Services Division, re- 
quired a wide range of internal expertise. This expertise 
was drawn from the Research Division, Nuclear 
Systems Department, Supply Division, and Design and 
Development Division. The basic idea had been 
undergoing some refinement. To overcome the access 
problem, a highly focused carbon dioxide laser was 
proposed to heat up designated pigtails. When the laser 
beam was removed from the designated spot, the 
infrared camera could be used to detect the presence or 
absence of flow. The concept was further refined by the 
addition of image processing to measure the extent to 
_ which the hot spot had been affected by flow, thereby 
allowing a quantitative measure of flow. 
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Fifteen years of laser and optics experience were 
applied to refine the concept further. A computer was 
used to continuously capture and analyze the infrared 
image of the cooling pigtail. Another important 
development was the addition of a helium-neon laser 
collinear with the infrared laser. This development 
allowed the production of visible red light, which 
allowed the infrared laser to be more accurately aimed 
at the pigtails by operators. The final addition of a 
steerable mirror for fine positioning of the laser 
obviated the design problems associated with attempt- 
ing to position the whole assembly with the required 
accuracy. 

In the laboratory, the refined design allowed flow 
rates inside tubes to be easily measured down to flows 
as small as 100 ml per minute. In the station, however, 
a major problem arose. Whereas in the laboratory good 
measurements of flow rate could be obtained with 
analysis of data taken over a 175 mm segment of tube, 
in the field the much shorter 25 or 50 mm of pigtail 
available for observation made getting good results 
very difficult. Over a period of several months, many 
different approaches to the problem were taken, but 
with little success. Diligence and hard work, however, 
paid off in the end when, after trying over so different 
computer algorithms, one was found that allowed 
reliable measurements to be made on small data sets. 


The heart of the 
annulus gas thermo- 
graphy tool consists 
of sophisticated 
modern optics and 
lasers, such as the 
computer-steerable 
mirror, infrared 
camera, and CO, 
laser shown here. 
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The laser therm- 
ography tool control 
allows operation of 
the tool from outside 
the reactor vault. 


Equipment was built, tested, and commissioned 
before the imposed deadline. It weighed approximately 
1 500 kg, was to be approximately 1.5 x 3 x 0.5 metres in 
size, the whole assembly to be mounted on a lift. The 
equipment was operated remotely, some two metres 
away from the reactor face. A mockup of the reactor 
was also required to train personnel how to use the 
equipment. The mockup was built in just six weeks in 
the Central Maintenance shops, much time being 
saved because a design already existed. Atomic Energy 
of Canada Limited (agcL) made drawings available that 
had been developed for the Pickering retubing project. 

The project was successful, and though the results 
are still being analyzed, they are expected to be far 
reaching. The project as a whole attests to what can be 
accomplished with a good team and the necessary 
expertise. 
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In what is expected to be an exciting and challenging 
future, Ontario Hydro will continue to meet its tradi- 
tional goals of supplying its customers with reliable 
power at the best possible price. To help ensure that 
these goals are met, the Corporation has been investing 
in R&D for over 75 years. This investment has paid off 
during these years. The expertise made available by the 
Research Division has benefited both the Corporation 
and its customers, and the Research Division will con- 
tinue to expend its effort to provide the Corporation 
with what amounts to a technological insurance policy. 
The examples of current work ongoing in the Research 
Division that have been described in this article give 
some insight in the scope of its activities. The Division’s 
future effort, through to the next century, will be to 
capitalize on innovation through r&b as a means of 
building on Ontario Hydro’s strengths and of safeguard- 
ing a sizeable Corporate investment in physical plant. 


Through 
excellence, 
innovation, and 
internationally 
acclaimed research, 
we will be 
leaders in the 
introduction 
of new 
technologies 
to 
Ontario Hydro 
and the 


electrical industry. 


CHEMICAL RESEARCH: MANAGER'S OVERVIEW 


he Chemical Research Department provides 
the Corporation with a technical resource that 
includes process and materials chemistry, 
chemical analysis, biology, and environmental 
science. A staff of approximately 140 chemists, chemical 
engineers, biologists, and highly skilled technicians 
conducts research, performs technical investigations, 
promotes energy efficiencies in the chemical industry, 
and offers problem solving services related to the 
chemical, biological, and environmental aspects of 
electric power generation. Specialized experimental 
facilities and state-of-the-art instrumentation for mea- 
suring and analyzing experimental parameters are used 
in this work. Comprehensive chemical analytical 
services, which support the research programs of the 
Division as well as the Corporation, are also provided. 


As long as the process chemistry is properly con- 
trolled, the canpu Decontamination (CANDECON) 
process for decontamination of heat transport systems 
is successful. The Department’s expert analytical 
capability and experience in decontamination process 
development played a major role in providing monitor- 
ing for the successful decontaminations carried out last 
summer in Pickering Unit 3. A collaborative effort with 
Central Production Services Department and aEcL- 
Chalk River to develop and qualify a dilute oxidizing 
pre-treatment for end-fitting decontamination resulted 
in the first full-system application of the process. Work 
with the University of Guelph will allow greater under- 
standing of the mechanisms of oxide dissolution and 
corrosion during decontaminations. A successful out- 
come will help ensure that appropriate and reliable 
decontamination technology is available to the 
Corporation. 

In the nuclear waste area, the Department 1s in- 
volved in an extensive program to monitor the perfor- 


“Chemical Research’s 
staff, sophisticated 
equipment, and directed 
research programs are 
essential ingredients of 


mance of a concrete integrated container designed to 
transport and store spent fuel. A two-year demonstra- 
tion is underway at Pickering Nes. After a suitable 
decay period, low- and intermediate-level radioactive 
wastes may be treated more economically as non-active 
wastes. The Department is monitoring the effect of 
long-term storage on waste packages, packaging 
materials, and engineered storage structures in the 


the Corporation’s 
technological assurance 
package” 


Dave Dodd, Manager 


Technical staff, ongoing research programs, and 
sophisticated departmental facilities and equipment 
provide the necessary ingredients for the provision of 
innovative ways for Ontario Hydro to identify and 
prevent problems and to respond quickly and effec- 
tively to them, if and when they arise. 

Almost one-third of the Department’s resources 
support the Corporation’s nuclear commitment. 
Work ranges from research on maintaining steam 
generator tube integrity to work on developing 
nuclear waste management options. A contain- 
ment leak test using a tracer gas technique and an 
ultrasonographic method was developed and used 
successfully at Bruce Nes “a”. This capability was 
used to demonstrate to the Atomic Energy 
Control Board (agcs) the performance of the 
vault cooler fans and hydrogen ignition systems 
at Darlington Ncs. 

Prevention of worker exposure to radiation and 
hazardous substances is addressed by research 
programs that range from development of respira- 
tory equipment for workers, to component and 
full-system decontamination processes. An alterna- 
tive to the discontinued Stephenson respirator for 
protecting against tritiated water vapour was de- 
veloped in collaboration with manufacturers, and 
as part of this project, alternative sorbents and pro- 
totype respirators were evaluated. Studies of the 
tritium behaviour with non-metallic materials 
are conducted to select protective barriers for 
use as gloves and suits and to develop decon- 
tamination methods. 
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laboratory and in the field. Research has been per- 
formed to identify potential chemical hazards in radio- 
active wastes and to develop immobilization methods. 

Chemical research supports the Corporate goal of 
developing and managing its activities and facilities so 
as to protect the environment. Areas of work range 
from monitoring the effects of Ontario Hydro’s 
operations on ecosystems to developing new means of 
emission control. 

Pre- and post-operational studies of the effects of 
generating facilities on the aquatic environment at 
Pickering and Atikokan are almost complete. In 
1989, a technique to verify spawning and the date 

of hatching of round whitefish was successfully 
demonstrated. Techniques such as radiotelemetry 
and enhanced sonar systems, coupled with artificial 
intelligence techniques, are being developed to track 
and identify fish. Such non-consumptive and remote 
sampling systems will make future surveys more 
effective, less costly, and environmentally more 
acceptable. 

Work in support of Ontario Hydro’s plans for con- 
trolling acid-gas emissions from thermal generating 
stations includes studies of reagent regeneration, 
corrosion, and gypsum production in the limestone 
slurry or dual alkali processes. The Department has 
assisted Design and Development Division in the 
process selection and tendering phase of the Acid 
Gas Control Program and in the acquisition of FMC 
Corporation’s limestone dual alkali technology. 

The Combustion Research Facility, at which the 
combustion characteristics of different coals can 
be evaluated, has proved invaluable as a site for 
the development of a sorbent injection system 

for simultaneous removal of SO and NOx. 


This facility was recently upgraded with a new coal- 
grinding and pneumatic feed system and a new 
sophisticated electrostatic precipitator able to collect 
dusts from low-sulphur fuels or in-furnace additives. 
The precipitator will enable researchers to help Ontario 
Hydro fulfil its environmental responsibilities in a 
more efficient and cost-effective manner. 

The Department continues its search for solutions 
to the problem of handling pcs-contaminated wastes. 
The work includes the development of decontamina- 
tion procedures for PcB-contaminated transformers, 
evaluation of pcB-replacement insulating fluids, and 
investigation of chemical pcB-destruction methods. 
During 1989, staff represented Ontario Hydro in a 
consortium that organized the first 
Canadian demonstration of a mobile pcs Pe 
incinerator at Swan Hills, Alberta. This 
consortium included Environment Canada, 
Hydro Québec, the Québec Ministry of the 
Environment, and the Ontario Ministry of the 
Environment. A successful demonstration 
and subsequent approval for commercial 
operation in Ontario would permit Ontario 
Hydro to destroy its pcB-contaminated 
wastes. The quantification and resolution of 
problems associated with leaching of toxic 
preservatives from the thousands of wood 
poles used and stored by Ontario Hydro 
is another example of an environ- 
mentally related study. 

Whereas the foregoing relates to 
the environmental impact arising 
from the generation, transmission, and 
distribution of power, concerns about the 
natural environment’s effect on these 
same systems 1s also of concern. Pollutants 
in the atmosphere are contributing to the 
corrosion of Ontario Hydro’s older trans- 
mission lines, and a major refurbishment 
program is planned. Studies are underway 


to identify the pollutants and the meteorological 
conditions affecting these lines. Historical and environ- 
mental data obtained in the field will be used to map 
the corrosivity of the atmosphere and to estimate the 
remaining life of transmission lines. Other work to 
assure the reliability of the transmission and distri- 
bution system includes a study of the role of freezing 
rain and fog in the occurrence of flashovers on the 
50o0-kV transmission system. The search for more effec- 
tive methods of controlling tree growth on trans- 
mission and distribution rights-of-way continues, with 
the objective of reducing herbicide use. 
The Department’s work program also supports the 
Corporation in numerous other ways. Assessment of 
the performance of organic materials 
used in electrical equipment and 
throughout the generation system; an 
effort to develop and introduce more effi- 
cient electrochemical processes; and work 
dealing with understanding climate change 
and the effects of electric and magnetic fields 
are some of these. In addition to the direct 
benefits derived from new technologies 
developed in the programs that have been 
described, the skills and capabilities 
developed at the forefront of technology 
provide a critical component of the tech- 
nological assurance required by the 
Corporation. The Chemical Research 
Department is committed to help the 
Corporation meet Ontario’s need for 
electrical service in a safe, reliable, and 
environmentally responsible manner. 
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Biologists 

Scott McKinley and 
Henry Kowalyk of 
Chemical Research 
are tagging a lake 
sturgeon in the 
Mattagami River 
as part of a study 
to determine the 
effects of the 
operation of hydro- 
electric stations 

on the existence of 
the species. 
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he Civil Research Department of Ontario 
Hydro’s Research Division has been a leader 
in civil engineering technology for over seven 
decades. Departmental expertise, which 
includes key areas such as concrete technology and 
quality control, provides vital support in the construc- 
tion of new facilities. Specialized geotechnical engineer- 
ing support to the Division and to the Corporation 
as a whole 1s also provided. 

In the Department’s role of serving the research and 
development needs of the Corporation, projects have 
ranged in time and scope from the construction of 
Ontario Hydro’s early hydraulic stations to the current 
construction of a world class power project, the 
Darlington Nuclear Generating Station. 

The expertise of the Department is essential to the 
Corporation’s Dam Safety Program. Working as a 
multidisciplinary team, the various sections of the 
Department provide services to evaluate the integrity 
and to monitor and assess the performance of the 
Corporation’s hydraulic structures. 

To satisfy regulatory requirements, in-service inspec- 
tion of concrete components in Ontario Hydro’s 
nuclear structures is ongoing. In support of this pro- 
gram, laboratory studies are being conducted. One 
program is an investigation that will allow better under- 
standing of the mechanisms of loss of integrity of 
concrete due to leaching of its solutes when exposed to 
flowing deionized water. Understanding of these 
mechanisms is applicable to studies of containment 
concrete used for irradiated fuel storage bays. The 
durability of concrete in freezing and thawing environ- 
ments is being investigated when the concrete is simul- 
taneously under the influence of a thermal gradient 
and when one boundary of the concrete surface is 
covered with an impermeable membrane or a repair 
material. 

The quality of concrete aggregates and their sources 
is reviewed periodically for suitability for use in new 
construction or in the rehabilitation of existing 
structures. Such a review includes detailed labora- = 
tory testing of aggregates to identify potential 
problems with respect to alkali-aggregate reacti- 
vity or to various aspects of concrete durability. 

A specific application of these procedures is the 
development of the high-density concrete used 
in the construction of containers designed for 
dry storage of nuclear waste. The applications of 
these procedures are wideranging; they help 
assure both the minimum density of concrete 
needed for radiation shielding and the moder- 
ately high strength needed to ensure structural 
integrity. 

Additionally, the Concrete Control Section 
provides on-site inspection and testing of concrete 
and concrete materials for major construction 
projects such as the Darlington Nuclear Generating 
Station. Inspection and testing are also provided 
for rehabilitation and reconstruction of smaller 
hydraulic, thermal, and transmission projects. 

The Civil Research Department participates in 
the development of national and international stan- 
dards on concrete and related areas. This activity 
keeps the Departmental staff abreast of advances 
in the field. Such participation has 
been recognized through citations 
and awards received by some staff 
of the Concrete Technology Section. 
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“Research and 
development can 
ensure the structural 
integrity and the 
continued safe and 


reliable performance 
of Ontario Hydro’s 
generation and 
transmission facilities” 


Tony Klym, Manager 


The Soil Sciences Section performs field and labora- 
tory measurements of soil properties, which include 
shear strength, consolidation, dynamic behaviour, and 
hydraulic parameters. Experimental research work dates 
back to the 1950s and has produced a centre of exper- 
tise on the thermal properties of soil materials. Thermal 
properties are essential when determining the best 
backfills to use when placing underground power cables. 

Transmission tower foundations must resist a wide 
range of compression, uplift, and lateral loads. To pro- 
vide reliable, cost-effective support for the design and 
construction of these structures, the Soil Sciences 
Section carries out full-scale tests on a wide range of 
foundation types, including steel grillages, drilled piers, 
piles, grouted rock anchors, helix anchors, and grouted 
soil anchors. State-of-the-art design methods, derived 
from instrumented full-scale tests in various soil con- 
ditions, are used for determining the uplift, lateral, and 
moment capacities of foundations. 

To ensure the smooth operation of Ontario Hydro’s 
coal-fired generating stations, the large quantity of 
coal ash, 1 to 1.2 million tonnes produced annually, 
must be properly managed. For many years now, the 
Department has carried out studies to support 
the use of large volumes of fly ash in concrete 
structures, in the construction of highway em- 
bankments, and in land reclamation projects. To 
| ensure that the utilization and disposal of fly ash 
| are environmentally acceptable, field and labora- 
tory leaching and geochemical tests are con- 
ducted to study leaching properties. The results 
can be applied when formulating guidelines for 
the design of disposal or storage sites. 

One of the requirements for the opera- 
tion of Ontario’s nuclear generating stations 
is that nuclear waste be disposed of safely. 
The Civil Research Department works in 
cooperation with the Nuclear Engineering 
Department and agct to develop solutions to waste 
disposal problems. Major projects are underway to 
resolve problems related to excavation disturbances 

and sealing of underground repositories in the 
Underground Research Laboratory (urt) at Lac 
du Bonnet, Manitoba. Essential technical support 
is being given to AECL in the preparation phase of 
the Environmental Impact Statement on deep 
geologic disposal of nuclear waste. 


Clay-based buffer and backfill materials to be used in 
the URL project are being assessed in the Soil Sciences 
Section for their thermal hydraulic properties and their 
long-term performance. A one-eighth scale concrete 
model of a proposed repository design was used in the 
study of the near-field thermal regime. This work was 
done as a forerunner to the proposed full-scale URL 
experiment. 

The Rock Sciences Section determines the mechani- 
cal properties of rock masses, which are essential for the 
design, construction, and evaluation of underground 
structures and foundations, as well as for the safety 
assessment of hydroelectric dams. In situ testing for 
the determination of rock modulus, stress, strain, fluid 
pressure, and convergence or deformation in rock 1s 
being routinely carried out. In situ measurements are 
usually preferable to laboratory measurements because 
they account for large-scale features of the rock mass. 
A number of in situ techniques have been developed. 
Automation of geotechnical instruments and tele- 
metering of data from remote dams are important 
components of dam safety. 
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Jim Sato and 

Ken Hare are mont- 
toring moisture 
migration through 
concrete structures. 
The project, selected 
to receive Director’ 
fund support, will 
determine the du- 
rability of concrete 
and repair systems. 


Hydrogeology and environmental geochemistry 
work focuses on field and laboratory investigations of 
leakage pathways from, and into, underground struc- 
tures, evaluation of the isolation efficiency of engi- 
neered barriers, and the assessment of contaminant 
migration. Radionuclide sorption and diffusion 
properties of geomaterials and concrete are being 
determined in a radioactive materials laboratory. 

These essential services of the Civil Research 
Department provide state-of-the-art technological 
assurance in support of the Corporation’s mandate. 


DIVISIONAL PRojECTS: MANAGER’S OVERVIEW 


he Divisional Projects Department provides an 

interface between divisional staff and various 

groups within the Corporation as well as with 

groups external to the Corporation. The 
Department’s major products are new technology ini- 
tiatives, research management studies, and research 
business support. 

For many years, the Research Division’s mandate 
has been to support Energy Management Branch in its 
efforts to help industry use electricity wisely and to 
assist customers to find and implement competitive 
industrial processes. The Divisional Projects Depart- 
ment serves this dual purpose by developing new 
technology initiatives. 

The Process Metallurgy Project continues to expand 
its commitment to better energy management, and a 
number of research programs are currently addressing 
issues of load reduction and potential load shifting. 

In addition, study efforts are assessing the impact of 
alternate metal refining processes with the objective of 
reducing CO; levels. The industrial effectiveness issue 
is being addressed through projects such as one being 
done in collaboration with Metallurgical Research 
Department and Falconbridge Limited. The project is 
aimed at solving operating problems that occur in large 
electric smelting furnaces as a result of attempts to 
reduce SO, emissions. 

The Department is committed to increasing aware- 
ness in industry of the potential of laser-based pro- 
cesses now under development in the Research 
Division. Laser-based developments are quickly be- 
coming accepted and used to advantage in the US, 
Europe, and particularly in the Pacific Rim countries, 
the greatest source of competition for Canada. The 
vehicle for disseminating this information is the 
Canadian Industrial Laser Association (CILA). CILA 
came about.as a result of the efforts of the Divisional 
Projects Department. The Association has already had 
a number of meetings, and a managing executive has 
been set up. The organization boasts a strong industrial 
base and a strong sense of commitment. 

The Research Division seeks to improve its effec- 
tiveness and efficiency by collaborating with external 
organizations. As part of this collaborative effort, 
Departmental staff, particularly those involved in new 
technology area, exert a strong influence on Canadian 
universities and industrial R&b. Influences are brought 
to bear through the acceptance of adjunct professor- 
ships at local universities by Research Division staff; 
memberships on industrial advisory councils, such as 
the Canadian University - Industry Council for 
Advanced Ceramics (curcac); the Ontario Centre 


for Materials Research (ocr); and the Centre of 
Excellence in Laser and Lightwave Research. Addition- 
ally, Departmental staff sit on Natural Sciences and 
Engineering Research Council (NsERc) funding com- 
mittees and influence university curricula through 
council memberships. 

This year, the Divisional Projects Department co- 
ordinated the production of the Division’s business 
plan, and additionally, it played a lead role in the 
Division’s annual strategy setting session. The business 
plan, which communicates the Division’s future plans 
to senior management, provides direction for staff 
responsible for detailed work planning that spans a 
period of ten years. 

The Division’s business plan for 1989-1998 stressed 
the importance of providing “technological insurance” 
to protect the Corporation’s thirty billion dollar invest- 
ment in sophisticated physical plant. The plan made 
clear that research, specifically anticipatory research, is 
a necessary activity for the maintenance of this asset 
base. As a response, to provide the funding and the 
type of environment required for innovative research, 
a Director's Fund was established. Divisional Projects 
Department assumed the task of developing and 
administering this program. In 1989, six projects were 
selected from over thirty proposed by Research 
Division staff. 

Part of the Department’s responsibility lies in identi- 
fying opportunities to improve research management. 
Currently, research management studies are looking at 


the impact of computers on the way work 1s conducted. 


“The Division’s 
capabilities are enhanced 
through anticipatory 
research, new technology, 


external business 
relations, and research 
management studies” 


Mikk Anyas-Weiss, Manager 
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The identification and reporting of “Notable 
Accomplishments” also falls into this area. Notable 
accomplishments are R&D projects of significant benefit 
to the Corporation, the customers of Ontario Hydro, 
or some identifiable third party. Such reports are 
produced every five years and clearly demonstrate that 
the benefits provided by the Division significantly 
exceed the total costs for a specific five-year period. 

Technology forecasting is important for research 
management. General long-range planning forecasts 
are provided biennially for the Research Program 
Advisory Committee. Forecasts are conducted to ex- 
plore the probable development of specific techno- 
logies and their potential impact on Ontario Hydro. 
Assessments of the impacts of advanced industrial 
materials and high-temperature superconductors are 
two examples of recent forecasts. 

The Divisional Projects Department also carries out 
the very important Directorate support function. 

This year, the Department arranged and coordinated 

a Divisional Open House. It was attended by over 
2000 visitors and provided the basis for some very 
positive comments about Ontario Hydro in the 
Provincial Legislature. The Department also assisted 
the Director with numerous presentations, senior 
management meetings, and with initiatives such 

as the modernization of the auditorium. The 
Research Division Awards Program is another 
important way of fostering and rewarding excel- 
lence within the Division. The awards program 
for 1989 was organized by the Department 

and held at the Airport Marriott Hotel. 

The Department continues to provide sup- 
port in the area of external contracts. 
Activities included Sf 
liaison with Law and aa a 
New Business Ventures 
Divisions, development 
of contracts and agreements, development 
of requests for proposals, and the production 
and monitoring of information related to 
financial aspects of contracts. 

In support of the Divisional external 
contract function, the Department provides 
a monitoring function by scanning external 
publications for contracting opportunities. 


Technicians are tap- 
ping hot metal from 
a pilot electric fur- 
nace at Lakeview 
TGS. The furnace, 
built at Research 
Division, will be 
used to optimize the 
performance of 
Ontario’ smelters 
and melters and 

to investigate new 
processes and 
products. 


In addition, the Department maintains and updates 
information on the Division’s capabilities in a number 
of externally-based databases. 

In support of the Division’s business activities, the 
Department assists in the planning and hosting of 
technical conferences. Examples are the recent meet- 
ings of the Canadian Industrial Laser Association, 
Conference on Large Electrical Systems (ciGRE), the 
Electrochemical Spring Symposium, and Institute of 
Electrical and Electronics Engineers (IEEE). Other 
activities include arranging training sessions for clients 
of New Business Ventures Division, development and 
deployment of special displays, and arranging events 
to promote the Division to external organizations. 

The Department is involved in the identification and 
development of communications. Perhaps the most 
important of these is the Division’s Annual Report, the 
document you are reading now. The Department assem- 
bles the text, coordinates the editorial activities, and 

arranges for artwork and printing. Another significant 
publication is the Division’s Services and Capabilities 
brochure, which describes the Division’s R&D capa- 
bilities. This brochure is used extensively by other 
branches in support of their marketing activities. 
In addition to producing written communications, 
the Department is involved in the production of 
videos that describe the 
activities of the Division. 

One such video, for visi- 

tors and new staff, has 

been produced this year, 
and another, which deals 
with the contribution of 

Ontario Hydro and the 

Research Division to the 

growth of Ontario, is 

being planned. 

The communications 
produced by the Depart- 
ment are of a high calibre. 
They have won a number 
of awards from organi- 
zations that specialize in 
industrial communi- 
cations. 


DIVISIONAL SERVICES: MANAGER’S OVERVIEW 


“Excellence is achieved 
through the commitment 
and abilities of 


our people” 


Bruce Brown, Manager 


his year, the Divisional Services Department 

achieved its objective of providing excellence 

in service to Ontario Hydro’s Research 

Division. Services were many: those offered 
included business administration; financial reporting; 
payroll; records, space, and safety management; print- 
ing and clerical services; report production; model 
shop production; drafting; photography; and editorial 
services. Additionally, significant strides have been 
made in the Integrated Computing Environment 
(ICE) project. 

The Model Shop continues to upgrade and 
strengthen its support capabilities. New equipment and 
tooling was acquired this year. With higher accuracy as 
a goal, machines were replaced, numerical control 
was introduced, and all machine axes were equipped 
with linear encoders. Accordingly, emphasis was placed 
on meeting the needs of the Division more efficiently, 
as well as on meeting some of the more stringent 
requirements of the Design and Construction Branch, 
the canDU Owners Group (coc), Canadian Electrical 
Association (CEA), Electrical Power Research Institute 
(EPRI), and Central Production Services Division 
(cpsp). To date, the prototyping service has made a 
significant contribution to both the Spacer Location 
and Repositioning (sLar) and the Channel Inspection 
and Gauging Apparatus for Reactors (CIGAR) 
programs. 

The Integrated Computing Environment Section 
has taken on the responsibility for the delivery of 
computer communications, technical computing, and 
voice messaging services. Before ice could deliver its 
services to the Research Division, a suitable design 
was required for the installation of network cabling and 
electronic components. Finalizing a design was not 
easy because of the wide variety of tenant needs, the 
rapidly evolving communications industry, and the 
electrically noisy environments that exist 
within many Divisional laboratories. This 
year, however, a suitable design was final- 
ized and Divisional employees can look 
forward to devices that will allow their 
personal computers to be networked 
with others, both within and outside 
the Corporation. A voice messaging ser- 
vice means that colleagues can be contac- 
ted quickly via an automated telephone- 
answering service. A wide variety of office 
automation, data manipulation, and tech- 
nical problem solving tools will allow larger 
Divisional business goals to be achieved eco- 
nomically and efficiently. The anticipated benefits 


of the Ice initiative are increased productivity plus real 
financial savings resulting from the ability to share 

the use of costly computing resources. The payback 
period on the investment required to install the 1cE 
network is expected to be within twelve to fifteen 
months of completion, which is scheduled during 1990. 

The Drafting Section continues its long-term com- 
mitment to deliver the very best in drafting, design, 
and illustration to Divisional staff. Consistency, 
precision, and innovation are necessary to produce 
quality drawings and prompt revisions. Innovation in 
ways of producing quality designs and illustrative 
graphics is the hallmark of this Section. Extensive use 
of Mac II and Autocap systems allows emphasis to 
be placed on timely accommodation of the Research 
Division’s internal clients. Additionally, the Drafting 
Section prepares drawings and provides ideas for 
drafting and design graphics for both the Division and 
the public. High quality technical illustrations grace 
the Research Annual, and mural designs improve the 
decor and work environment of the Division. The 
Drafting Section’s work impacts not only on effective 
visual communication, but also on morale. 

The Photographic Services Section has had another 
hectic, but successful, year. Video productions ranged 
from one targeted at the new employee to another pro- 
moting the Division’s work internationally. “Affirmative 
Action - Women for the Future”, “Fusion Energy” 

[a World Energy Conference/Canadian Fusion Fuel 
Technology Program (cFFtTP) Production], and most 
recently, “Gems”, Generator Expert Monitoring System, 
(produced for EPRI) are some other examples of fine 
video productions. 

The Research Publications Office continues to 
produce the Research Annual, which last year won 
accolades from many, most notably in the form of a 
Society for Technical Communication achievement 
award. “Chit Chat”, the Division’s informative news- 
letter, was redesigned and, based on a user survey 
conducted this year, is playing an important role in 
enhancing communications and boosting morale. 
Desktop publishing capabilities now allow the office 
to play a significant role in the production of the 
Division’s Business Plan. A number of communica- 
tions courses for staff of the Division were thoroughly 
investigated by a member of the office staff, and 
suitable courses were subsequently recommended to 
the Research Executive. Finally, a report database, 
which has been under development for some time, 
is now functional, and plans to transfer it either to 
the Hydro mainframe or the cE network have been 
initiated. 

In the Business Administration Section, the Records 
Management Program 
continues to evolve. 
Improvements included 
conversion of adminis- 
trative files in the Busi- 
ness Administration 
Records Centre and 
the Director’s Office 
to the Corporate 


General Subject Index. Additionally, technical files in 
the Radioactive Materials Laboratory are eighty-five 
percent converted and expected to be completed by 
year-end. Approximately forty boxes, 1.e., over eighty- 
three feet of inactive files from central records were 
reviewed and either marked for destruction, given new 
retention periods, or identified as having archival value. 
A presentation was given to key personnel on how to 
use the revised administrative filing index to its poten- 
tial. Further presentations are planned before year-end. 

Information Management has continued its com- 
mitment to provide secretarial and telecommunications 
support to Research. The Word Processing Centre 
provides a relief service by filling secretarial positions 
in the Division. Additionally, short-term clerical and 
filing help can be provided as required. 

The Health and Safety Section ensures that line 
management provides a healthy and safe work environ- 
ment. It also provides guidance to the technical sec- 
tions on environmental matters, such as pertain to 
laboratory waste disposal, spill control, and releases of 
airborne substances into the environment. 

Legislative pressure and Corporate obligations have 
raised issues related to hazardous material management. 
Most departmental effort was directed at ensuring 
compliance with Workplace Hazardous Materials Infor- 
mation System (wHMIs) legislation. To date, all chemi- 
cals in the Division have been inventoried and all 
laboratories have wuts boards and supplier Material 
Safety Data Sheets (spss) in place as well as a set of 
Divisional workplace labels prepared for containers of 
chemicals. All Divisional staff have received training, 
and a video-based training program is being completed 
for future use. 
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Frank Turone of 
Research Divisions 
Drafting Section 
works at a computer 
terminal. Extensive 
use of MacIntosh II 
and AutoCAD 
systems allows timely 
accommodation of 
Research Divisions 
chents. 


Another health-related issue pertains to the consider- 
able effort spent on ensuring compliance with the 
Corporate code of practice on accident and incident 
reporting. Several incidents with high-to-medium 
potential for harm were investigated. Other major 
activities assisted in, or carried out, by the Health and 
Safety Section are initiation of hazard identification 
training; respiratory protection training; workplace 
inspections; and consultations for other Research 
Division Departments. All in all, a successful and busy 
year for Divisional Services. 
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ELECTRICAL RESEARCH MANAGERS °O VERY DEW 


he question of the long-term security of an 
increasingly complex power system that oper- 
ates under severe externally-imposed con- 
straints deserves serious attention. This is 
particularly important when new technologies are 
needed to meet power system growth requirements. 

In 1989, a substantial portion of the Electrical 
Research Department’s efforts was therefore invested in 
the development of a better understanding of aging 
and failure mechanisms and in the implementation of 
new diagnostic techniques and protection systems. 

Reliable protection of power system components, 
such as generators, transformers, and transmission 
lines, 1s vital to the provision of a dependable supply of 
electrical power. The failure or incorrect response of a 
protection system can result in costly damage to equip- 
ment as well as lengthy service interruption and can, 
in the extreme, lead to catastrophic system failure. 

In the past, the desired level of reliability of protec- 
tion systems was achieved with careful system design 
that incorporated equipment that had undergone 
extensive laboratory evaluations to verify its suitability 
for intended applications. However, higher operating 
stresses on an expanding power system, coupled with 
the cee of aging equipment, call for new approaches. 

New digital schemes are therefore being investigated 
to develop “smart” protection systems, which could, 
among other things, detect weaknesses before actual 
failure occurs. “Smart” systems can be achieved with 
current computer technology combined with new fibre 
optic communication links that are inherently immune 
to electrical interference. This, in turn, provides the 
potential to increase the intelligence of a system at 
discrete locations, thereby allowing “smarter” decisions 
to be made more rapidly. 

Specific activities include evaluation of fibre optic 
interconnections and the development of digital dif- 
ferential protection for transmission lines. These pro- 
jects contribute toward an overall scheme for power 
system integrity control that will, over the next several 
decades, assist in the maintenance of a reliable power 
system. 

Whereas the above serves to address longer-term 
objectives, a new standardized approach to implement- 
ing protective measures was developed at the initia- 
tive of, and in cooperation with, the Protection Design 
Department. The new technique uses an upgraded 
Programmable Auxiliary Logic Controller (pAtc) and 
semi-customized Application-Specific Integrated 
Circuit (asic) technology to provide a complete re- 
lay protection in a single unit that encompasses both 
the measurement and logic functions. With this 
approach, standard hardware and adaptable soft- 
ware can serve many relay functions, including a 
special turbine protection relay based on the moni- 
toring of frequency and negative sequence current. 
Most of the 100 new PaLcs manufactured to date have 
been committed for installation. 

System protection, no matter how effective, 
cannot compensate for poor component relia- 
bility. Special attention is therefore given 
to the long-term reliability of Gas- 
Insulated Switchgear (ais), for vol- 
tages up to 500 kV, which must 
meet stringent perform- 
ance standards, since 


“Innovative research 
can provide the 
new technology required 
to meet tomorrow’s 


technical problems” 


Anton Baljet, Manager 


even relatively low failure rates may be unacceptable in 
some locations. 

The Research Division, under EPRI sponsorship, and 
with the support and cooperation of manufacturers, 
the Technical University of Denmark, and the 
University of Connecticut, has undertaken a study to 
gain a fundamental understanding of insulation failure 
mechanisms, which will lead to a better definition of 
critical design parameters. An important breakthrough 
is the development of a vastly improved technique 
for detecting minute insulation weaknesses that could 
develop into support insulator failures. 

With the emergence of metal-oxide gapless arresters, 
renewed emphasis on lightning and surge protection 
has become necessary to secure better performance and 
to avoid misapplication of future arrester designs. The 
close cooperation of researchers and manufacturers and 
their effective participation on national and interna- 
tional technical committees have been essential in work- 
ing toward the common goal of better over-voltage 
protection. 

As municipal distribution systems are expanded or 
upgraded to meet increased load densities, concern for 
long-term reliability assurance becomes acute. These 
concerns can be addressed most effectively by exten- 
sive distribution system component testing and failure 
analysis. Components tested include surge arresters, 
fuses, separable connectors, and underground cables. 
Technology transfer is accomplished through upgraded 
purchase specifications and active participation in 
writing industry standards. As a result, these efforts will 
benefit not only distribution systems in Ontario, but 
also utilities throughout North America. 

An intensive study of the performance of outdoor 
high-voltage insulation in adverse winter weather con- 
tinues. This study involves several technical disciplines 
and 1s carried out in close liaison with other divi- 
sions. Although initially addressing the per- 

formance of ceramic insulators, the research | 
program has been extended to include 
new polymer insulator designs and 
to provide guidance to polymer 
insulator manufacturers. 
As part of the Depart- 
ment’s mandate to 
provide in-house 
technical support, 
special high-power 
electromagnetic tech- 
niques were developed 


to assist in the assembly and repair of nuclear reactors, 
the objective being to keep costly downtime to a 
minimum. Some of these techniques are applicable to 
energy-efficient industrial processes and, in support of 
the Corporate objectives, are expected to achieve larger 
reductions in demand by the year 2000. Whereas sub- 
stantial reductions can be achieved by simple economic 
incentives and the application of selected mature 
technologies, the full potential of economic demand 
reductions can only be realized if additional benefits 
are derived from new technologies now under develop- 
ment. With this in mind, the Research Division has 
implemented a multidisciplinary utilization strategy 
that relies heavily on liaison with stakeholders and close 
cooperation with industry. From a corporate viewpoint, 
this will help ensure that planned demand management 
investments (1.e., investments in customer-owned 


will provide the anticipated benefits to 
Ontario Hydro and the municipal utilities 
in the province. Past and current industrial 
support involving electrical processes in 
manufacturing is wide ranging and 
includes topics such as electromagnetic 
aids to steel making, laser welding and 
cutting, and plasma material processing. 
By participating in a 1 ooo-house survey 
with Energy Management Branch, Eco- 
nomics Division, and external consultants, 
the Research Division has helped assess 
the maximum economic potential for 
electricity savings in thermal envelope and 
heating system upgrades in existing dwell- 
ings. This evaluation has defined the 
impact that housing upgrades can have on 


equipment to produce power system benefits) =< a : r 


David Bellamy, 
technologist, 
Electrical Research 
Department, is 
shown operating a 
low inventory 
cryogenic distillation 
column used for 
tritium separation. 


the Ontario Hydro system and has provided informa- 
tion for developing demand management programs 
with realistic targets. Another recent contribution is a 
newly developed model of energy consumption in 
single-family dwellings that ensures that utility planners 
do not overestimate the possible savings from air- 
sealing and basement re-insulating. Along with this 
model, better criteria ensure that the upgrades do not 
adversely affect indoor air quality. 

Testing and development work with a Canadian heat 
pump manufacturer has resulted in the design of an 
improved hybrid-heating and air-conditioning system 
that can significantly lower the winter peak demand for 
electricity in the province. This class of burner-assisted 
heat pump can potentially save over 100 Mw of system 
peak capacity if installed across Ontario. 

Whereas many high-priority research and 
development activities in the Department 
are intended to provide a measure of 
technological assurance for the future, 
one of the most important considerations 
in directing a research program of this 
kind is the ongoing cooperation of many 
departments across the Corporation. 
Several of the projects now underway in 
Electrical Research are the result of 
initiatives taken elsewhere in Ontario 
Hydro. Only through the commonly 
shared objective of “making it happen” 
can front-line technology meet our high 
expectations. A well focused and consis- 
tent research program with equal empha- 
sis on development and implementation 
may help to exceed those expectations. 


MECHANICAL RESEARCH: MANAGERS OVERVIEW 


need for runner repair or replacement. To aid this 
effort, a test rig has been built for the testing of runners 
removed from generating plant at the end of their 
operating lives. Runners are to be tested to destruction 
“R&D support ensures by subjecting them to the speeds and accelerations 
the structural integrity ee 4) they experience during In-service Operation. 
and reliability of plant SS Other work being done in the Mechanical Research 
equipment and " Department relates to the development of equipment 
components” : condition monitoring systems. Various types of 
computer-managed rotating-equipment monitoring 
Gord Clarke, Manager systems have been developed, and technical assistance 
has been provided to a number of plants relating to 
their implementation. The information generated by 
these systems allows maintenance to be performed on 
a timely basis only on those components that need it. 
Avoidance of unnecessary maintenance and timely 


he operation of Ontario Hydro’s generation, diagnosis of components requiring unexpected repair 
transmission, and distribution systems must means an increase in equipment reliability and the 
be reliable, safe, support a sustainable environ- minimization of plant downtime as well as cost. 
ment, and supply electricity to the customer at Already, these systems have been instrumental in 
reasonable cost. The Mechanical Research Department detecting loose parts (debris, failed components, tools, 
helped the Corporation respond to this challenge in etc) that, if not removed, would have resulted in 
1989 by its involvement in a wide spectrum of activities, significant damage and equipment downtime. The 
all of which facilitated the implementation of tech- effectiveness and efficiency of monitoring systems is 
nologies that helped assure the effective future expected to be enhanced even further by the appli- 
functioning of Ontario’s power system. cation of research currently being done in advanced 


signature analysis, neural networks, and expert systems. 
2S The Mechanical Research Department 
plays a leading role in coordinating the 
Research Department’s contribution to 
developing methods to deal with the con- 
tainment and immobilization of irradiated 
fuel and safe methods of storage, transpor- 
tation, and ultimate disposal of high- and 
low-level nuclear wastes. Currently under 
development are a tritiated heavy water 
transportation package, a cask for trans- 
porting irradiated fuel, and other specialized 
containers. Experimental impact tests and 
extensive finite element analysis have 
demonstrated the impact resistance of the 
transportation package. On the strength of 
this work, a transportation licence has 
been obtained from the Atomic Energy 
Control Board. 

Study continues on the analysis of 
hydride blister formation in Canadian 
Deuterium Uranium (caNnDv) reactor 
pressure tubes. Mathematical models are 

ee developed to predict hydrogen trans- 
port and blister growth and to predict the 
useful life of pressure tubes under a variety of 
conditions. Another pressure-tube-related 
study involves the development of a 
computerized program that can predict the 
degree of degradation occurring in pressure 
tubes due to creep. Data generated by this 
program can then be compared to data 
obtained through in-reactor measurement. 
Studies are also being carried out to deter- 
mine whether or not it is creep deformation 
that 1s responsible for allowing pressure tubes 
and calandria tubes to come into contact. 
Yet another pressure-tube-related study is 
attempting to determine the effect of 
fretting on the performance and useful life 
of pressure tubes and calandria tubes. The 


Ontario Hydro is concerned about the aging 
and deterioration of its power system com- 
ponents. Some transmission lines have 
been in service since 1906. To help ensure 
their maximum reliability, the Research 
Division is committed to a transmission 
line refurbishment program. Initial efforts 
are to establish that towers do have reserve 
strength and that modern design methods 
give adequate strength predictions. Hardware 
and insulators are to be renewed, and over- 
head ground wires are systematically being 
replaced. Other activities related to the plan- 
ning aspects of transmission refurbishment 
include developing criteria for prioritizing 
lines for refurbishment on the basis of use- 
ful remaining life. Determination of the 
preferred sequence of refurbishment will 
be based on these criteria. 

This year, a major activity related to the 
refurbishment effort was the Department’s 
participation in full-scale field testing of 
transmission towers. Stresses and deflections 
were measured to determine available levels 
of reserve strength. This year, 115-kV double 
circuit McGuigan-type transmission towers, 
built in ror in Oakville, were subjected to 
testing under various conditions. The results 
will be of great value in the assessment of 
older lines and in the development of an 
economical and technically sound refurbish- 
ment program. 

Not only Ontario Hydro’s transmission 
lines are aging, some of Ontario Hydro’s ge- 
neration plant is being refurbished to ensure 
its continued reliable generation. The Mech- 
anical Research Department is involved in 
testing hydraulic runners. Results of these 
tests will contribute to an inventory of 
information, which will be helpful in the 
assessment of runner condition, determi- 
nation of remaining runner life, and the 
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goal of this particular study is the development of a 
methodological procedure for predicting long-term 
fretting behaviour using short-term data. Results will 
provide the necessary tools for identifying vulnerable 
tubes and for assessing the possibility of life extension. 

The Spacer Locating and Repositioning tooling has 
been redesigned as a response to high wear rates and 
high friction coefficients of bearing materials in the 
current design. At the request of aEcL, Mechanical 
Research evaluated the tribological characteristics of a 
number of selected materials under simulated operating 
conditions. A database of wear rates and friction coeffi- 
cients was produced, and based on it, the materials that 
best met the sLar redesign requirements were selected. 

There is great economic incentive to operate nuclear 
power units at the maximum output permissible within 
the licensed limit of reactor power. Reactor power out- 
put is determined from an overall plant heat balance, 
which, in turn, depends on feedwater flow. Thus the 
accurate measurement of feedwater is important. To 
check the calibration of in situ plant instrumentation, 

a non-intrusive flow meter is used. Through laboratory 
calibration and field trials, Mechanical Research is 
contributing to further development and proof of the 
instrument’s efficacy. 

Another major initiative that has attracted strong 
interest and funding support from a consortium of 
international partners is a recently 
launched project to monitor pri- 
mary heat transport pumpsets 
by vibration and acoustic 
methods. The scope of 
the project embraces 
comprehensive dynamic 
analysis, baseline testing, 
and fault-simulation 
tests on a full-scale 
pumpset in a laboratory. 

The recruitment of 
women to non- 
traditional jobs is a 
Corporate objective. 


Tests to study the 
structural integrity 
and foundation of 
transmission towers 
are being carried out 
on McGuigan-type 
towers in Oakville, 
Ontario, as part of 
the transmission 
line refurbishment 


program. 


The Department actively participates in the process. 
Participation is not only limited to offering on-the-job 
training via developmental rotations, but also to doing 
work to make equipment suitable for operation by 
female staff. As part of a fall protection program, a 
project 1s underway to design fall protection equipment 
for the special needs of women. The work is being 
done in collaboration with the Faculty of Medicine at 
the University of Toronto. A prototype, fall-protective 
device is under development and will be tested based 
on injury threshold and endurance limits for women 
when exposed to the types of impacts experienced 
during the arrest of a fall. 

What has been described above is only part of the 
Mechanical Research Department’s contribution 
towards safeguarding the Corporation’s enormous 
capital investment in equipment, components, and in 
human resources. The objective of this is to ensure that 
Ontario Hydro’s generation, distribution, and trans- 
mission systems are reliable, safe, support a sustainable 
environment, and supply electricity to the customer 
at reasonable cost. 


METALLURGICAL RESEARCH: MANAGER'S OVERVIEW 


he Metallurgical Research Department 

provides research and development, technical 
services, and specialized testing facilities in the 
disciplines of physical and process metallurgy 


and materials science. The overall thrust of these “Essential materials 
activities is to ensure a safe and reliable supply of elec- science research helps 
trical energy and to improve the efficiency of its utiliza- ensure a reliable, safe, 
tion. In pursuit of these goals, the Department deals and economic supply of 


with characteristics of materials’ performance and with electricity” 
correlation of both design intent and actual service 
behaviour. 

The majority of the Metallurgical Research Depart- 
ment’s work program is focused to support CANDU 
technology. Analytical and test techniques have been 
designed to investigate the factors that control the 
deformation and fracture of zirconium-niobium pres- 


Jim Brown, Manager 


sure tubes; it is these that make up the core of a CANDU inspections of Unit 3 of Bruce Nes and Unit 6 of the 

reactor. An important part of the Department’s studies Pickering Nes. This software permits imaging of defects 

is to achieve end-of-life conditions in tube specimens in such a manner as to allow for better estimates of 

far in advance of actual in-service components. This 1s radial depths. 

achieved by testing in high-neutron flux reactors, such Progress continued in the area of digital signal pro- 

as in the pipo reactor in the U.K. Work has been on- cessing. Deconvolution techniques were used to 

going in this reactor for several years, samples there improve eddy current gap measurements. Blister crack 

being close, in terms of total fluence, to material in depth measurements obtained by ultrasonics were 

those Hydro reactors with the longest operating lives. optimized by synthetic aperture focusing and filtering. 

Even better facilities are now available in the osiris Additionally, filtering, windowing, and normalizing 

reactor in France, where experiments began this year. of high frequency spectra were used to measure pres- 

Resulting data will provide input useful in developing sure tube oxide thickness. 

design equations and, additionally, in establishing the Although the Department is heavily committed 

effect of irradiation on the microstructure of pressure to fuel channel research, other components of nuclear 

tube alloys. Transmission electron microscopy studies generating plant are receiving attention. Laboratory 

of irradiated material are being carried out, both in data have implicated a microbiological component in 

the Department and at the University of Cambridge the corrosion of lakewater-cooled heat exchangers. This 

in the U.K. may have important repercussions for many nuclear, 
Crack nucleation and growth are studied using thermal, and hydraulic systems. Sampling and testing 

samples of pressure tube material where hydrogen con- by means of microbiological techniques is being 


supported by advanced surface analysis techniques 
in an effort to determine the impact of microbio- 
logical processes on the corrosion. The expertise 
developed will be vital in minimizing the impact 
of zebra mussels on station systems. 

In 1989, the Darlington Nes heat transport 
system leak-before-break project was completed. 
This included extensive elastic-plastic fracture 
mechanics calculations, computer code develop- 
ment for fatigue analysis, and fracture toughness 
testing of pipe welds and elbows. 

Many departmental resources are directed of 
necessity toward assuring the reliability of Ontario 
Hydro’s nuclear plants. However, support is also 
provided to conventional coal-burning units. 
Support is focused particularly in the area of life 
extension. A great deal of effort was put into 

helping Lakeview TGs manage the consequences of 
weldment creep cracking on one of its main steam 
lines. This included the initial emergency failure 
analysis and a comprehensive follow-up of the 
failure mode. The Department played a major part 
in the subsequent assessment of the integrity of 

all high-energy pipe weldments in the plant. 

In August, a field test of the robotic system for 
hydraulic turbine cavitation repair was carried out. 
During a week and a half at Hydro Québec’s 
Carillon Gs, an impressive demonstration of the 
system’s reliability and capability was achieved. 


centrations have been increased to end-of-life 
levels; particular emphasis is on the formation 

and growth of hydride blisters as precursors to 
crack initiation. A pressure tube burst rig is fully 
operational and supported by flaw evaluations, 
which utilize techniques of elastic-plastic fracture 
mechanics. An additional test rig has been devel- 
oped to conduct corrosion fatigue tests of 
zirconium-niobium in primary heat transport water. 

Most corrosion-related studies are focused on 
establishing a detailed understanding of the prin- 
cipal source and ingress route of deuterium into the 
pressure tubes. This year saw the application of 
secondary ion mass spectroscopy and transmission 
electron microscopy to examination of the inter- 
face between oxide and metal. The critical nature 
of the oxide layer as the deuterium-ingress control- 
ling feature, from both the water and annulus gas 
sides of the pressure tube, was confirmed. 

The accurate measurement of hydrogen/ 
deuterium in irradiated pressure tubes has received 
a great deal of attention this year. A nondestruc- 
tive evaluation (NDE) technique that uses resistivity _ 
changes in materials as a function of hydrogen con- | 
centration was successfully demonstrated. Other 
advances in the NDE area included the develop- L 
ment of laser thermography to measure annulus : 
gas flow, a technique that is described in detail in 
the earlier article, “Safeguarding Corporate Invest- 
ment: Research and Development as Technological 
Insurance.” Also, new pressure tube scanning i 
software developed in the Department was used in | 
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Although the objectives of the cea-supported develop- 
ment project have now been attained, continued 
cooperation with the Institut Recherche Electricité de 
Québec (IREQ) is envisaged to develop the capability 
further. 

In the transmission major program area, the Depart- 
ment, in collaboration with an external commercial 
laboratory, won a large CEA contract to develop the 
application of modern fracture mechanics to assure the 
integrity of transmission line hardware. Effort in this 
program area is supplemented by a study of the use of 
advanced materials in the manufacture of a 
variety of components. 

Not all of the work of the Department 
is directed toward ensuring reliable sup- 
ply. The tritium laboratory is now 
almost fully commissioned with mul- 
tiple work stations and a modified 
tritium storage and delivery system. 

A prototype solid, metal-matrix 
tritium light has been successfully 
demonstrated. Although, at present, 
the light is of low intensity, the con- 
cept is considered to have a great 
deal of commercial potential. 


Andy Heics of 
Metallurgical 
Research Department 
is examining a 
tritium storage bed 
designed at the 
Research Division. 
These beds will be 
used at West 
Germanys Karlsruhe 
Nuclear Research 
Centres Tritium 
Laboratory for the 
temporary storage 

of tritium. 


Finally, in support of demand management objec- 
tives, an electric-arc furnace was built and commis- 
sioned. The furnace is to be used to examine ways of 
increasing the efficiency of the metallurgical and 
materials processing industry. Metals producers, who 
are some of Ontario Hydro’s most important cus- 
tomers, have shown great interest in the facility, and a 
cooperative project with Falconbridge Limited 1s 
already underway. 

The Metallurgical Research Department considers 
itself to be carrying out a successful research and 
development program primarily aimed at pro- 
viding the Corporation with “technological 
assurance” in the disciplines of metal- 
lurgy and materials science. By neces- 
sity, the program is focused to ensure 
the reliability of supply while, at the 
same time, recognition is given to 
issues that impact on economic and 
demand management. Innovations 
continue to be made in a number 
of areas with the goal of solving cur- 
rent problems, forestalling future 
concerns, and providing long-term 
flexibility. 


OPERATIONS RESEARCH: MANAGER'S OVERVIEW 


he Operations Research (or) Department 

provides applied research and support to the 

Corporation when unusual and complex 

operational and strategic problems arise. 
Problems run the gamut from those related to manage- 
ment systems and procedures, through those concern- 
ing data and information handling, to problems related 
to equipment and materials. Solving these types of 
problems requires a full range of state-of-the-art mathe- 
matical and computational methodologies. 

In 1989, the client base and the range of services 
continued to expand in the areas of decision and 
operational analysis, statistical analysis, probabilistic 
analysis, and power system reliability modelling. 
Services varied from informal consultations and short 
presentations to large-scale projects and tailor-made 
courses and seminars. Specialized computer applica- 
tions services were provided to Divisional staff. The 
Department is one of the most active and effective 
industrial or groups in North America. 


“A concerted team effort 
enhances management 
effectiveness and 


operational efficiency” 


Archie Chung, Manager 


Although most or techniques were developed dur- 
ing and after World War II, they are now widely used 
in business, industry, and government to enhance 
management effectiveness and operational efficiency. 
Traditional techniques such as linear programming, 
inventory control, and queuing theory have 
always been important to management studies 
and, as or methods have started to merge 

with information technology, have 

become essential components of deci- 
sion support systems. Current interest in 
the measurement of intangibles and in com- 
plex decision processes provides an additional 
challenge. Problems often involve multiple and 

conflicting objectives, solutions not being always 
apparent. Researchers, however, are sensitive to deci- 
sion environments and able to develop innovative 
approaches to decision analysis. 

After achieving a high degree of diversification over 
the last few years, this year the departmental team 
focused its efforts on projects with the potential to con- 
tribute to enhancements in strategic planning or oper- 
ating efficiency. Services were provided to a number 
of Branches, which included Production, Regions, 
Finance, and Supply and Services. An example 
of this effort is the development of a manpower 
planning model for electrical inspection. This 
model will be used by all regions in Ontario 
Hydro and will enable manpower requirements 
to be determined more accurately. An example 


of an efficiency improvement project is the application 
of optimization techniques to hydraulic generation. 
The computerized optimization model is expected to 
improve station operating decision-making and reduce 
judgemental error, which, in turn, may result in sub- 
stantial savings. 

Since a reliable supply of electrical energy is part 
of Hydro’s mandate, accurate reliability predictions for 
power systems and their constituent parts is a most 
important engineering task. Equally critical is the assess- 
ment of risk involved in many operating situations. 

The development of reliability methodology based on 
probabilistic modelling has come a long way in the last 
25 years, but the methodology is still not mature 
enough for use in all applications. The Department’s 
reliability team, however, is at the forefront of the world- 
wide effort to develop more advanced reliability tools. 

The team’s involvement with the development and 
application of mathematical models for system and 
component reliability spans almost two decades. The 
objective has been to assist the Corporation’s planning, 
operating, design, and maintenance functions. In 1989, 
the reliability team engaged in developmental work 
and provided technical assistance to other Divisions. 
Important progress has been made in the optimization 
of maintenance procedures and the development of 
new concepts and modelling techniques, which were 
introduced to represent the processes of deterioration 
and failure. The reliability evaluation of the control 
and operating facilities for the new System Control 
Centre at Clarkson was completed with a report and a 
presentation to client and users. 

Through publications and participation on com- 
mittees and in conferences, the reliability team’s inter- 
national reputation was enhanced. This year, staff were 
involved in a number of international technical activi- 
ties, including participation in a working group at 
cicre. The team continues to be involved in industrial 
advisory activities for several EPRI research projects, and 
it has delivered seminars on power system reliability 
analysis in Canada, the United States, and in Hungary. 

The selection and analysis of data for technical or 
management studies often appear straightforward. 
However, when data are scarce, interrelated, dispersed, 
or even contradictory, the drawing of valid conclusions 
requires advanced statistical analysis. Assistance in 
solving statistical problems is provided by the statistics 
team. The team’s expertise includes knowledge of 
sampling schemes, statistical estimation, experimental 
design, forecasting, regression analysis, probability 
theory, mathematical modelling, quality control, and 
quality assurance. 

In 1989, the team performed a number of studies for 
other Divisions as well as for the Research Division. 
Studies included the development of a forecasting | 
method for the Niagara River flows; the development 
of techniques capable of detecting temporal shifts in 

climate at the regional level due to the Greenhouse 
effect; the estimatton, from the observed 
temperature profile, of the rate of gas flow 
through the annuli around pressure 
tubes; and the determination of the 
impact of converting M&P salary ratings 
to Hay system ratings. In addition, mem- 
bers of the team participated in the 
working party on the environmental and 
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safety research assessment of the CcaNnDU Owners Group 

Waste Management Program. Assisting clients through 

informal consultations continues to be an important 

part of the team’s activities. 

In recent years, rapid advancement in computer 
technology has provided the computer support team 
with new challenges. In 1989, apart from the internal 
specialized service function, emphasis was placed on 

the adaptation of new computer technology to solve 
engineering and scientific problems. Examples are 
{ the development of an environmental database, 
signal processing, and computer communication. 

The advancement in computer and information 

. technology has created opportunities of strategic 
\ importance to Ontario Hydro’s effective and 
\ efficient operation. Among them are artificial 
\ intelligence and database technology. In 1989, 
the Department was engaged in the suc- 
\ cessful development of prototype expert 
\ systems. Identification of high payback 
\ opportunities continues. Work is being 
\ done on estimating the errors asso- 
ciated with computer vision, which at 
this time 1s limited. The work will 
\_ be important in the robotics area. 
\ Neural network technology con- 
\ tinues to expand the pattern 
\_ recognition capability of com- 

\ puter systems. With rapid 
developments in these fields, 
\ special applications in 
‘robotics, pattern recognition, 
\ and knowledge preservation 

, and distribution are 
\ anticipated in the near 
‘future. 
N The Department 
“4 continues to be 
~ \ involved in external 
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Dennis Goushleff of 
Operations Research 
Department discusses 
with Harry Mewes 
of Supply Division 
how a recently 
developed forecasting 
model can be used 

to set reorder points 
for materials in the 
stores inventory. 


activities with universities, professional associations, 
and research institutes. A number of staff members 

held adjunct professorships or served as executives or 
committee members with professional societies or 
research granting agencies. Informal collaborative re- 
search arrangements were made with universities. Intern- 
ships were offered to the University of Strathclyde in 
Scotland. Staff were also invited to make technical 
presentations at various universities and to industries 
world-wide. 
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RESOURCES AND Goss 


t the end of 1989, the Division’s personnel The total of all costs, including those for space, ma- 
resources consisted of a total regular staff of terials, and equipment, for work done by the Research 
633. The percentages of funds allocated to Division in 1989 was approximately $74.2 million. 
major work programs and the percentages of 
program costs attributable to OM&A — the net cost to Costs were met or allocated as follows: 
Ontario Hydro to operate, maintain, and administer 
the Research Division — are shown below. Also shown Revenue from work done for other 
are the application of staff in various categories of work organizations 3.9M 
(Divisional Services Department excepted), and the Transfers to other Ontario Hydro Branches 36.8 M 
distribution of staff in broad occupational classes. Transfers to the Cost of Power 33.5 M 


Proportions of Research Division Costs for 
Various Categories of Work 
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AWARDS AND ACHIEVEMENTS 


“A Discharge-Locating Probe for Rotating Machines,” 

a research paper co-authored by Howard Sedding and 
Greg Stone (Electrical Research), was chosen from 
among 115 others presented at the Chicago ’89 Electrical 
Electronics Insulation Conference/International Coil 
Winding Association Exposition to be awarded the 
$1,000 grand prize. The probe described in the paper 
was developed by onrn, and through the use of a capa- 
citive sensor that can detect radio frequency stator emis- 
sions, it solves the problem of partial discharge location. 


Hugh Morrison (Electrical Research) has been awarded 
a prestigious research fellowship from the Science and 
Technology Agency of Japan to work in the national 
laboratory, the Institute of Physical and Chemical 
Research (RIKEN). The Hydro researcher, who in January 
1990 began working on laser isotope separation with 
Kazuo Takeuchi of the Laser Science Group, was one 
of only five candidates selected from Canada for 

the fellowship. 


For the first time in its history, the American Society 
of Mechanical Engineers (asme) has presented the 
ASME Blackall Award to a Canadian team. Helmi Attia 
(Mechanical Research) is this year’s recipient for 
leading-edge research on nonlinear thermoelastic 
behaviour of structural joints, a research project that 
extended over 10 years and resulted in the publication 
of more than 15 papers in refereed journals. 


Steve Oda (Electrical Research) was appointed to the 
Board of Directors of the Industrial, Scientific, Medical, 
and Instrumentation (1sm1) Section of the International 
Microwave Power Institute (1mp1), which is head- 
quartered in the United States. Steve Oda’s appoint- 
ment is the result of Utilization Section’s involvement 
with the application of microwaves for industrial 
material processing, particularly in the area of ceramics. 


The quality of publications produced in the Divisional 
Projects Department continues to attract the attention 
of the Society for Technical Communications (src). 
This year the Services and Capabilities brochure won 
the prestigious Distinguished Award, the 1989 Research 
Annual and Chit Chat won awards of excellence for 
writing and design, and the series of bookmarks, 
“Hydrolines” was also recognized by an Award of 
Achievement. The stc is the world’s largest professional 
organization devoted to the arts and sciences of 
technical communication. 


Scott Lawson (Metallurgical Research) was awarded 

the Welding Institute of Canada’s annual Robert J. 
Jacobson Memorial Award for his contribution to the 
operation of a local Chapter. Scott Lawson was an 
executive member of the Toronto Chapter of the Weld- 
ing Institute from 1978 to 1988. Additionally, he served 
as Chapter chairman during the years 1980 and r98r. 


For the fourth consecutive year, Holly Anderson 
(Mechanical Research) has been appointed to the na- 
tional executive of Women in Science and Engineering/ 
la Corporation des Femmes en Sciences et en Génie 
(wisE/crsG), this year as national co-director. The 
nonprofit organization encourages women to enter 
careers in science, engineering, mathematics, and 
computer sciences by providing speakers for career 
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guidance sessions at local schools and by organizing 
conferences for female students. wise/crsc also serves 
as an information centre for and about women in these 
professional fields, thereby helping Canadian women 
to attain high levels of professional achievement. 


Early in 1990, PRECARN Associates Inc. will embark on 
a $28 million research program. In anticipation thereof, 
its Board of Directors approved four recently com- 
pleted feasibility studies, one of which was submitted 
by the Research Division. Bruce Nickerson (Electrical 
Research) was the lead applicant for funding of a pro- 
ject that concerns active vision navigation of a mobile 
robot in a known environment. Federal government 
and private sector financial assistance are also expected 
to be confirmed for this project. 


Soon-Hok Sim (Operations Research) has been 
appointed as a member of the Industrial Engineering 
Chairman’s Advisory Board at the University of Toronto. 
The appointment involves assisting the Department 

of Industrial Engineering to maximize the quality of its 
curriculum, increasing the amount of research and 
development work conducted by the department, and 
promoting and increasing employment opportunities 
for the department’s graduates and undergraduates. 


Staff at OHRD have, over the past two years, organized 
the Canadian Industrial Laser Association (cILA), 
which acts as a national body to (1) provide an un- 
biased source of laser technology information and (2) 
bring together new and experienced laser users. The 
development of this association will increase accept- 
ance of laser technology and contribute to the Research 
Division’s effort to transfer energy efficient electro- 
technologies to Canadian industry. The inaugural meet- 
ing of cILA was held in March 1989 under the chair- 
manship of Jim O’Neill (Electrical Research), and was 
attended by approximately 100 people representing 
government, industry, and academia. 


Nineteen eighty-nine marked the first year that Ontario 
Hydro President and ceo Robert Franklin recognized 
the development of new technology for Hydro in the 
form of the first annual New Technology Awards. John 
Deans and Joseph Vitanyi (Civil Research), along with 
Joseph Phillips of Transmission Programs Group, 
shared a $10,000 New Technology Award for solving 
the problem of winter-time transmission line construc- 
tion and repair. The newly developed very low- 
temperature polymer concrete can be placed without 
the need for costly and time-consuming heating and 
housing during the curing process. The concrete tech- 
nology is expected to save the construction industry 
tens of millions of dollars. 


The Stable Isotope Research (str) program is a five-year 
joint effort between Ontario Hydro’s Research and 
New Business Ventures Divisions. Created to develop 
and bring to market new isotope technologies, materials, _ 
and applications, the sir program is especially in- 
terested in collaborating with business, industry, and 
academic researchers to meet its objectives. Dennis 
Mullins (Chemical Research) and Jeffrey Robins 
(Electrical Research) are co-organizing work in the 
Research Division that currently focuses on the stable 
isotopes of hydrogen, carbon, oxygen, and nitrogen. 


The 1988 Research Division WP. Dobson Award was 
presented to John Janis (Chemical Research) for his 
development of a pcs dechlorination process. His 
technology was approved by the government in 1987 
and is currently utilized by private industry throughout 
Ontario, Quebec, and the Maritime provinces. 


Since 1985, the H.A. Smith Award has been offered for 
outstanding contributions that have had a major impact 
on the business of the Research Division. Nineteen 
eighty-eight recipient Andrew Sulowski (Mechanical 
Research), recognized for his research in the field of fall 
protection, has earned an international reputation for 
his extensive, leading-edge work. His new fall arresting 
system has prevented at least four potentially fatal 
accidents, and there has been no fatality attributable to 
a fall since his system was implemented in 1984. 


Steve Campbell (Electrical Research) earned a 1988 
Research Division Director’s Award for technical 
competence and service above and beyond the call. 
Steve Campbell developed a breakthrough technology 
for extracting diagnostic signals from operating 
turbogenerators. 
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From left to right: 
Robert Franklin, 
President and CEO 
of Ontario Hydro; 
John Deans, 

Joe Phillips, and 
Joe Vitanyt, prize- 
winners; and 

Ray Brown, 
Director of Design 
and Development - 
Transmission. Prize 
winners received a 
shared $10,000 
award for their role 
in the development 
of a polymer-based 
concrete that properly 
cures at temperatures 


as low as —25° C. 


Craig Simpson (Divisional Projects) was recognized 
with a 1988 Research Division Director’s Award for his 
role in the research and development of new industrial 
electrotechnologies. His efforts were invaluable in the 
establishment of both the Process Metallurgy Group 
and the Lakeview Plasma Facility. 


Carolyn Ashby and Chuck Blacklock (Divisional 
Services) were recognized with a 1988 Research Division 
Director’s Award for their creation of an innovative 
mural in the Nondestructive Evaluation Laboratory. 
The mural, which enlivens the laboratory workspace, 
has been such an overwhelming success that similar 
projects are planned in the Division. 


PUBLIGAKIONS 


Abbott RG, Quick RD, Mangal R, Mozes MS. 
Grain wastes for fuel. Bzo-Joule May 1989. 


Ahlborn B*, Breitman KE*, Bronskill MjJ*, 

Kirkby B Machatchy CS*, Morgan FJ*, Vanier J*. 
The professional scientist in Canada. Physics in Canada 
45:114-119, July 1989. 


Ahluwalia AK, Chan AM. 

Numerical evaluation of aerosol behaviour in a vented 
containment. In: Mueller EU et al, eds. Proc of the 
Fourth Int Topical Meeting on Nuclear Reactor Thermal - 
Atydraulics, Karlsruhe, Federal Republic of Germany, 
October 10-13, 1989. 


Ahluwalia AK, Chan AM. 

Numerical simulation of laminar and turbulent heat 
and mass transfer in natural convection. In: Taylor EC 
et al, eds. Numerical Methods in Laminar and Turbulent 
Flow. Swansea, Wales, United Kingdom: Pineridge Press, 
6(2):2019-2028, 1989. 


Allen AL. 
Mechanical wave interaction at a diffuse interface. 
Research Nondestructive Evaluation 1:31-49, 1989. 


Anders GJ. 
Probability Concepts in Electric Power Systems. New 
York: John Wiley & Sons, 1989. 


Anders GJ, Endrenyi J, Stone GC. 

A Markov model for evaluating the remaining life 
of electrical insulation in rotating machines. Proc of 
the Fifth Int Conference on Performance Evaluation, 
Reliability, and Exploitation of Systems, Wroclaw, 
Poland, 15-24, September 1989. 


Anders GJ: see Parker BJ et al 
Andre HM: see Sato JA et al 


Arron GP. 

Translocation of uniconazole (XE-1org9) over 18 months 
after trunk injection of field-grown silver maple saplings. 
Proc of the Annual Meeting of the Plant Growth Regulator 
Soc of Am, Arlington, Virginia, August 6-10, 1989. 


Arron GP, Vascotto GL, Harvey SM. 
Biological effects of electric and magnetic fields. Power 
Technology Int 310-312, 1989. 


Attia MH. 

Temperature rise in fretting — elemental heat flow 
channel model. Proc of the Int Congress on Tribology, 
Helsinki, Finland 3:22-29, June 1989. 


Attia MH. 

Thermally controlled fretting wear tribometer — a step 
towards standardization of test equipment and methods. 
J of Wear, August 1989. 


Attia MH, Kops L*. 


Effect of fretting on thermal deformation of a machine 
structure. TRANS ASME, J Eng Ind, March 1989. 


*Denotes other than Ontario Hydro employee. 
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Attia MH, Osman MM. 

A new parameter for assessment of the cooling rate of 
metallic moulds - concept and practical implications. 
Int J of Advanced Manufacturing Technology 

4103-120, 1989. 


Attia MH, Osman MM. 

Thermal response of metallic moulds to thermoelastic 
interaction at its inner boundary - system approach. 
TRANS ASME, J Eng Ind, March 1989. 


Barber DH, Nott BR. 

Kinetic imbalance in mixed bed ion exchange. Proc of 
the Fifth British Nuclear Energy Soc Int Conference on 
the Water Chemistry of Nuclear Reactor Systems, 
Bournemouth, England, 1(59):257-262, October 1989. 


Barrett JS: see Madge RC et al 


Bartoszek FE, Donnelly KE, Kalyanam KM, 
Morrison HD, O’Neill JA, Robins JR, Kveton OK, 
Sood SK, Woodall KB. 

Laser-based hydrogen isotope separation system 

for large-scale applications. Fusion Technology 
1317-1321, 1989. 


Bell JM: see Lenarduzzi FJ et al 
Berube GR: see Gough TA 
Bhat PD: see Deans JJ et al 


Braun JM, Chu FY, Ford GL, Fujimoto N. 

Long term dielectric aging mechanisms in GIS. Proc of 
the CEA Engineering and Operating Division Spring 
Meeting, Toronto, Ontario, March 13-16, 1989. 


Braun JM, Groeger JH“. 

Determination of gases and gas pressure in GIS spacer 
voids. Proc of the Conference on Electrical Insulation and 
Dielectric Phenomena, Leesburg, Virginia, October 29- 
November 1, 1989. 


Braun JM: see Sedding HG et al 


Brennenstuhl AM, Doherty PB Dunstall TG, 

Evans DW. 

The corrosion performance of freshwater cooled nickel 
alloy heat exchanger bundles in Ontario Hydro 
nuclear stations. Proc of the Fourth Int Symposium on 
Environmental Degradation of Materials in Nuclear 
Power Systems — Water Reactors, Jekyll Island, Georgia, 
August 6-10, 1989. 


Brennenstuhl AM: see Sharpe VJ et al 


Brown DG. 

The relationship between vegetation and soil texture, 
moisture, nutrients and herbicides on electrical trans- 
mission rights-of-way through wooded areas south 

of Georgian Bay, Ontario. Bulletin of the Ecological Soc 
of Am 70:71, June 1989. 


PUBLICATIONS 


Brown J. 

Failure analysis and in-service experience — fossil boilers 
and other heat transfer surfaces. In: Cohen P. ed. 

The ASME Handbook on Water Technology for Thermal 
Power Systems. New York: The Am Soc of Mechanical 
Engineers, 1989. 


Camacho F: see Nickerson SB et al 


Cenanovic MB, Maureira HA, Mulcahy J*, 
Beitelman L*. 

Application of pulsed power in the steel industry. Proc 
of the Seventh IEEE Pulsed Power Conference, Monterey, 
California, June 11-14, 1989. 


Cenanovic MB, Morcom J. 
The application of remotely operated handling equip- 
ment in the decommissioning of nuclear facilities. 


Annex of LAEA Technical Report, 1989. 
Cenanovic MB: see Simpson CJ et al 
Chan AM: see Ahluwalia AK 


Chan HT, Johnston HM, Konecny L, Hooton RD, 
Dayal R. 

Use of a flue-gas desulphurization by-product for 
stabilizing hydraulic mine backfill. Proc of the Fourth 
Int Symposium on Mining with Backfill, Montreal, 
Québec, 61-69, October 2-5, 1989. 


Chan HT: see Radhakrishna HS et al 


Chisholm WA: see Herodotou N* et al, 
Janischewskyj W et al, Vera N et al 


Chu FY, Braun A*, Tyman A*, Susnik M. 

Impulse voltage withstand of epoxy spacers after long 
term exposure to SF¢ arc byproducts. Proc of the Sixth 
Int Symposium on High Voltage Engineering, New 
Orleans, Louisiana, August 28-September 1, 1989. 


Chu FY: see Braun JM et al, Roberge R* 
Cress SL. 


Transformer loss-of-life calculation using a computer- 
ized probabilistic method. Proc of CIRED 1989 - Tenth 


Int Conference on Electricity Distribution, May 8-12, 1989. 


Dayal R: see Chan HT et al 

Deans JJ, Sato JA, Bhat PD. 

The effect of high temperature on the in-situ condition 
of PVC waterstop. Trans of the Tenth Int Conference on 
Structural Mechanics in Reactor Technology, Anaheim, 
California, D:213-218, August 14-18, 1989. 

Denzinger E: see Parker BJ et al 

Doherty PE: see Brennenstuhl AM et al 

Donnelly KE: see Bartoszek FE et al 


Dunstall TG: see Brennenstuhl AM et al, 
Sharpe VJ et al 
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Endrenyi J: see Anders GJ et al 
Erven CC: see Kirkby P 
Evans DW: see Brennenstuhl AM et al 


Filter R, Jones AS. 
Separable connector switching performance. JEEE 
Power Apparatus and System Trans, No 89 TD 361-7 
PWRD, April 1989. 


Filter R, Mintz JD. 

An improved 60 Hz wood pole model. JEEE Power 
Apparatus and System Trans, No 89 TD 427-6 PWRD, 
April 1989. 


Ford GL: see Braun JM et al 


Fujimoto N, Stone GC, Sedding HG, Rizzetto S. 
Improved partial discharge detection methods for 
epoxy spacers in gas-insulated switchgear. Proc of the 
Sixth Int Symposium on High Voltage Engineering, New 
Orleans, Louisiana, August 28-September 1, 1989. 


Fujimoto N: see Braun JM et al 
Gaikwad RP: see Mozes MS et al 


Gillespie MT, Murchie GB, Stone GC. 

Experience with AC hipot and partial discharge tests 
for commussioning generating station cables and switch- 
gear. [EEE Trans on Energy Conversion 4(3):392-396, 
September 1989. 


Golomb A, Nott BR. 

Ontario Hydro’s r&p on sorbent injection waste. 

II: handling and disposal. Proc of the 1988 Fall Meeting 
of the Materials Research Soc, 1989. 


Gonzalez E, Spekkens P. 
Concentration processes under tubesheet sludge piles 
in nuclear steam generators. Nuclear J of Canada 


1(2):129-140, 1989. 


Gonzalez F, Spekkens P. 

Corrosion of Inconel 600 under steam generator sludge 

piles. Proc of the Fourth Int Symposium on Environmental 
Degradation of Materials in Nuclear Power Systems 

Water Reactors, Jekyll Island, Georgia, August 6-10, 1989. 


Gough TA, Berube GR. 

Power system disturbance recorder. CEA Meeting on 
Transmission and Station Planning and Operations 
Subsection, Toronto, Ontario, CEA Engineering and 
Operating Division Trans 2, March 1989. 


Grad H: see Madge RC et al 


Grant KJ*, Paul GL*, O’Neill JA. 

Analysis of iron ore by time-resolved laser-induced 
breakdown spectroscopy. Proc of the Conference on 
Lasers and Electro-Optics, Baltimore, Maryland, 
April 24-28, 1989. 


PUBLICATIONS 


Hajagos LM, Smith KC. 
Graduate education in instrumentation: an overview. 
IEEE Summer Newsletter, 1989. 


Harvey SM: see Arron GP et al 
Hawthorne SH: see Mortimer WP 


Herodotou N*, Janischewskyj W*, Chisholm WA, 
Rai J*. 

Propagation models for remote sensing of peak radiated 
fields due to lightning. Proc of Sixth Int Symposium 

on High Voltage Engineering, New Orleans, Louisiana, 
August 28-September 1, 1989. 


Holzhueter IB: see Schumacher LC et al 
Hooton RD, Rogers CA. 


Evaluation of rapid test methods for detecting alkali- 
reactive aggregates. Proc of the Eighth Int Conference on 


Alkali-Aggregate Reaction, Kyoto, Japan, July 17-20, 1989. 


Hooton RD: see Chan HT et al, Rogers CA 
Hunt GA: see Patrick PH et al 


Husain A. 
A process for decontaminating stainless steels to release 
limits. Nuclear Technology 85 (1):66-73, April 1989. 


Janischewskyj W*, Chisholm WA, Vera N*, 
Herodotou N*. 

Remote sensing of lightning amplitudes: 1986 Ontario 
data. CEA Engineering and Operating Division Trans, 
Toronto, Ontario, March 13, 1989. 


Johnston HM: see Chan HT et al 
Jones AS: see Filter R 


Jones WR. 

On calculating house energy consumption simply. 
ASHRAE Winter Meeting Trans, Chicago, Mlinois, 
February 1, 1989 


Kalyanam KM: see Bartoszek FE et al 


Keen GR*, Seddon D*, Paul GL*, O’Neill JA. 
Ultrafine powder production by excimer laser ablation 
of metals. Proc of the Conference on Lasers and Electro- 
Optics, Baltimore, Maryland, April 24-28, 1989. 


Kirkby P Erven CC. 

Advances in varistor technology: applications and 
experience with metal oxide surge arrestors at Ontario 
Hydro. In: Livinson LM, ed. Am Ceramic Soc, Ceramics 
Trans, Vol. 3, 1989. 


Kirkby P: see Ahlborn B* et al 


Klym TW. 

Alkali aggregate reaction in hydraulic structures — 
seminar summary. Proc of the Twentieth Annual Acres 
Geotechnical Seminar, Niagara Falls, Ontario, 

April 14-15, 1989. 
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Klym TW, Lee CE 

Limit states foundation design practice at Ontario 
Hydro. Proc of the Canadian Geotechnical Soc 
Symposium on Limit States Design in Foundation 
Engineering, Toronto, Ontario, May 26-27, 1989. 


Konecny L: see Chan HT et al 
Kortschinski J: see Lat MV 


Kramer SM. 

Ultrasonic weld defect sizing using the synthetic 
aperture focusing technique. In: Thompson D, 
Chimenti D, eds. Review of Progress in Quantitative 
Nondestructive Evaluation. New York: Plenum Press, 
8B:1995-2002, 1989. 


Kuffel J: see McComb TR* et al, Reichman J* et al, 
Stone GC 


Kveton OK: see Bartoszek FE et al 
Larsson M*: see Lenarduzzi FJ et al 


Lat MV, Kortschinski J. 

Application guide for surge arresters and field research 
of lightning effects on distribution systems. EE 
Conference Publications No 305, 150-154, May 1989. 


Lau KC: see Radhakrishna HS et al 
Lee CF: see Klym TW 


Leger M, Laursen T*, Xin-Pei MA*, MacArthur JD*, 
Palmer GR, Whitton JL*. 

The measurement of the deuterium concentration 
distributions in deuteride blisters on zirconium alloy 
pressure tube material. J of Nuclear Materials 
165:156-163, June 1989. 


Lenarduzzi FJ, Bell JM, Young DJ, Spante L*, 
Larsson M*, Osterberg R*. 

Field testing of direct expansion ground source heat 
pumps for heating and cooling applications in single 
family homes. Proc of the Second Workshop on Research 
Activities on Advanced Heat Pumps, Graz, Austria, 
September 26-29, 1989. 


Lenarduzzi FJ, Parmar D*. 

Design of ground-source heat pumps for commercial 
and agricultural applications. Proc of the ASAE/CSAE 
1989 Int Summer Meeting, Québec City, Québec, 

June 25-28, 1989. 


Lloyd BA, Park W*(SRI), White J*(EPRI). 

A generator expert monitoring system. Proc of the Tenth 
Int A.I.M. Conference on Power Systems, Liege, Belgium, 
September 25-29, 1989. 


Lloyd BA, Park W*(SRI), White J*(EPRI). 

Generator expert monitoring. Proc of the EPRI Con- 
erence on Applications of Expert Systems in Power Plants, 
Orlando, Florida, June 30-July 3, 1989. 


Lloyd BA: see Sedding HG et al | 


PUBLICATIONS 


MacDonald DT: see Mangal R et al, Mozes MS et al 
Mader DL: see Nickerson SB et al 


Madge RC, Barrett JS, Grad H. 
Performance of optical ground wires during fault current 
tests. IEEE Trans on Power Delivery, 4:3, July 1989. 


Mangal R, Mozes MS, Thampi RG, MacDonald DT. 
In-furnace sorbent slurry injection for SO control. 
Proc of the Sixth Annual Int Pittsburgh Coal Conference, 
Pittsburgh, Pennsylvania, September 25-29, 1989. 


Mangal R: see Abbott RG et al, Mozes MS et al 
Maureira HA: see Simpson CJ et al 


McComb TR’, Kuffel J, Le Roux BC*. 

A comparative evaluation of some practical algorithms 
used in the effective bits test of waveform recorders. 
IEEE Trans on Instrumentation and Measurements, 
IM-38(1):37-42, February 1989. 


McKinley RS: see Rodgers DW 


Meng XY*, Northwood DO*, Warr BD. 

A metallographic study of the microstructure of a 
Z1-2.5 wt% Nb alloy. Microstructural Science 
17:459-470, 1989. 


Mintz JD: see Filter R 

Mirsky MS: see Parker BJ et al 
Moore CT: see Teper B 

Morcom J: see Cenanovic M 
Morrison HD: see Bartoszek FE et al 


Mortimer WP Hawthorne SH. 

Environmental persistence and migration of wood pole 
preservatives. Proc of the Tenth Annual Meeting of the 
Canadian Wood Preservation Association, Vancouver, 
British Columbia, November 6-9, 1989. 


Mozes MS, Mangal R, Gaikwad RP, Thampi RG, 
MacDonald, DT. 

Additive injection for NOx control. Proc of the Am 
Flame Research Committee 1989 Int Symposium on 
Combustion in Industrial Furnaces and Boilers, Short 
Hills, New Jersey, September 25-28, 1989. 


Mozes MS, Mangal R, Thampi RG. 

Ontario Hydro’s R&D on sorbent injection waste. I: 
characterization and conditioning. Proc of the Materials 
Research Soc 1988 Fall Meeting, Boston, Massachusetts, 
February 1989. 


Mozes MS: see Abbott RG et al, Mangal R et al 


Mukherjee B. 

Observations on the effect of post-weld heat treatment 
on J-resistance curves of SA-106B seamless piping welds. 
Nuclear Engineering Design III, 63-75, March 1989. 
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Mukherjee PK. 

A preliminary evaluation of roller compacted concrete. 
Proc of the First Canadian Symposium on Cement and 
Concrete, Québec City, Québec, August 9-11, 1989. 


Mukherjee PK. 

Evaluation of superplasticizers in concrete. Proc of the 
Third Int Conference on Superplasticizers and Other 
Chemical Admixtures in Concrete, AC1-SPr19, Ottawa, 
Ontario, October 4-6, 1989. 


Murchie GB: sce Gillespie MT et al 


Nickerson SB. 

Introduction to the workshop on applications of 
mobile robots and computer vision. Proc of the Robotics 
Workshop, Toronto, Ontario, March 2, 1989. 


Nickerson SB, Camacho E Mader DL, Milios EE*, 
Jenkins MRM*, Bains N*, Braun P*, Green D*, 
Hung S*, Korba L*, Lang S*, Liscano R*. 

Active vision navigation of a mobile robot in a known 
environment. Proc of the Canadian Conference on 
Electrical and Computer Engineering, Montreal, Québec, 
September 17-20, 1989. 


Nickerson SB, Camacho E Mader DL, Milios EE*, 
Jenkin MRM*, Bains N*, Braun P*, Green D*, 
Hung S*, Korba L*, Lang S*, Liscano R*. 

Active vision navigation of a mobile robot in a known 
environment. Proc of the Second Workshop on Military 
Robotic Applications, Royal Military College of 
Canada, Kingston, Ontario, August 8-11, 1989. 


Niklas PU, Vascotto GL. 

Some considerations to access the financial feasibility 
of thermal freshwater prawn aquaculture. Proc of the 
Annual Meeting of the Aquaculture Association of 
Canada, St. John’s, Newfoundland, September 1989. 


Niklas PU: see Vascotto GL 
Nott BR: see Barber DH, Golomb A 


O’Neill JA: see Bartoszek FE et al, Grant KJ* et al, 
Keen GR* et al 


Osman MM: see Attia MH 
Palmer GR: see Leger M et al 


Parker BJ, Denzinger E, Porretta B, Anders GJ, 
Mirsky MS. 

Optimal economic power transfers. JEEE Trans on 
Power Apparatus and Systems, New York, New York, 
PAS-4(3):1167-1175, January 31-February 4, 1989. 


Patrick PH, Sim BE Hunt G. 

Remote sensing using hydroacoustics: preliminary 
results. CEA Engineering and Operating Trans, 28, 
March 13-15, 1989. 


Porretta B: see Parker BJ et al 


Quick RD: see Abbott RG et al 


PUBLICATIONS 


Radhakrishna HS, Chan HT, Crawford AM*, 

Lau KC. 

Thermal and physical properties of candidate buffer- 
backfill materials for a nuclear fuel waste disposal vault. 
Canadian Geotechnical J, 26, November 1989. 


Reesor RA: see Simpson CJ et al 


Reichman J*, Vainberg M, Kuffel J. 
Short-circuit capacity of temporary grounding cables. 
IEEE Transactions on Power Delivery, 4(1):260-269, 


January 1989. 
Reid SA: see Teper B 
Rizzetto S: see Fujimoto N et al 


Roberge R*, Chu FY. 

Assessing the impact of high temperature super- 
conductor on the electric power sector. Proc of the 
IEA Meeting, Sorrento, Italy, May 12, 1989. 


Robins JR: see Bartoszek FE et al 


Rodgers DW, McKinley RS. 

°Co and '?’Cs activity of nearshore Lake Ontario 
sediments in the vicinity of the Pickering nuclear 

generating complex. Water Pollution Research J of 

Canada 23(3):396-407, 1988. 


Rogers CA, Hooton RD. 

Concrete and mortar expansion tests for alkali- 
aggregate reaction — variations due to alkali leaching. 
Proc of the Eighth Int Conference on Alkali-aggregate 
Reaction, Kyoto, Japan, July 17-20, 1989. 


Rogers CA: see Hooton RD 


Sato JA, Vecchio FJ*. 

Monitoring of a containment structure during pressure 
tests. Trans of the Tenth Int Conference on Structural 
Mechanics in Reactor Technology, H:191-196, Anaheim, 
California, August 14-18, 1989. 


Sato JA, Vecchio FJ*, Andre HM. 

Scale model testing of reinforced concrete under 
impact loading conditions. Canadian J of Civil 
Engineering 16(4):459-466, August 1989. 


Sato JA: see Deans JJ et al 
Sauve RG: see Teper W 


Schumacher LC, Dignam MjJ*. 

Effect of electrochemical hydrogen loading on the 
photoelectrochemical properties of plasma-grown 
In,O3. J of Electrochem Soc 36:3396-3398, 
November 1989. 


Schumacher LC, Holzhueter IB, Dignam MJ*. 
Properties of a new, low bandgap photoconducting 
phase of lead oxide. J of Electroanalytical Chemistry and 
Interfacial Electrochemistry 261:331-350, May 1989. 
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Sedding HG, Braun JM. 
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McKinley RS. 

Use of radio-telemetry in monitoring seasonal 
movement patterns in fish. Unzversity of Waterloo, 
Waterloo, Ontario, September 18, 1989. 


Melo OT:see Farzaneh M*, Tam YT 


Mills BE, Flaman MT, Boag JM. 

On-line monitoring of pipe flaws. ASME Pressure 
Vessel and Piping Conference, Honolulu, Hawaii, 
July 23-27, 1989. 


Mills BE, Flaman MT, Herring JA. 

Residual stress measurements on nuclear reactor pres- 
sure tubes. ASME Pressure Vessel and Piping Conference, 
Honolulu, Hawaii, July 23-27, 1989. 


Mintz JD. 

Cable service experience: how well are distribution 
power cables performing? /ICABLE/EPRI/CEA 
Workshop “Cable 89”, St. Petersburg, Florida, 
November 2, 1989. 


Mortimer WP. 

The environmental hazards of wood pole preserva- 
tives - Ontario Hydro’s response. Departmental Seminar 
Department of Chemical Engineering, University of 
Waterloo, Waterloo, Ontario, October 26, 1989. 


Mortimer WP:see Buchanan RD* et al 


Mozes MS, Mangal R. 

Ontario Hydro’s SONOX process for controlling acid 
gas emissions. Babcox and Wilcox Company, Alliance, 
Ohio, September 14, 1989. 


Mozes MS, Mangal R. 

Ontario Hydro’s SONOX process for controlling acid 
gas emissions. Electric Power Research Institute, Somerset, 
New York, October 11, 1989. 


Mozes MS, Mangal R, Thampi RG. 

Ontario Hydro’s SONOX process for controlling acid 
gas emissions. Hungarian Electric Utility Company and 
Ministry of Energy, Budapest, Hungary, July 20, 1989. 


Mozes MS:see Abbott RGet al, Mangal Ret al 


Mukherjee B:see Lepik OE 
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Mullins DE 

Stable isotope research at Ontario Hydro. Canadian 
Chapter of the Int Isotope Soc, Symposium on the 
Applications of Isotopes in Science, Medicine, and the 
Environment, Orangeville, Ontario, August 13-14, 1989. 


Nadeau E:see Burns D* et al 


Narang A. 
Transformer models for EMTP: a status report. 
CEA Meeting, Toronto, Ontario, March 1989. 


Nickerson SB. 

Active vision navigation of a mobile robot in a known 
environment. Canadian Business Magazine Reporter, 
Ontario Hydro Research Division, Toronto, Ontario, 
May 1, 1989. 


Nickerson SB. 

Active vision navigation of a mobile robot in a known 
environment. CANDU Owners’ Group, Ontario Hydro 
Research Division, Toronto, Ontario, April 24, 1989. 


Nickerson SB. 

Active vision navigation of a mobile robot in a known 
environment. PRECARN Associates Inc., Ottawa, 
Ontario, June 28, 1989. 


Nickerson SB. 
Mobile robotics. Canadian Fusion Fuel Technology 
Program, Toronto, Ontario, February 3, 1989. 


Nickerson SB. 
Mobile robotics. PRECARN Mid-Term Brizfing, 
Montreal, Québec, January 10, 1989. 


Niklas PU, Vascotto GL. 

Some considerations to assess the financial feasibility 
of thermal freshwater prawn aquaculture. 
Aquaculture Association of Canada Trade Show and 
Annual Meeting, Radisson Plaza Hotel, St. John’s, 
Newfoundland, July 10-14, 1989. 


Niklas PU: see Vascotto GL 
Nott BR: see Chang FH et al 


Oda SJ. 
Microwave processing of ceramics. Am Ceramics Soc, 
Indianapolis, Indiana, April 24-27, 1989. 


Oda SJ: see Balbaa IS et al 


Ogram GL, Spencer FS, Russell SB, Neil B*. 

Some recent work on environmental tritium behaviour. 
Workshop on Tritium Health Physics, Chalk River 
Nuclear Laboratories, November 14, 1989. 


Perlman M, Bell JM, Chiarelli M, Elphick IG. 

Heat recovery applications in commercial establish- 
ments. CLIMA 2000 - Second World Congress on 
Heating, Ventilating, Refrigerating and Air-Conditioning, 
Sarajevo, Yugoslavia, August 1989. 


Perricone F: see Mastorakos J et al 


Phillips JL: see Havard DG et al 


PRESENTATIONS 


Pon CJ: see Currie IG* et al, Havard DG, 
Havard DG et al 


Quick RD: see Abbott RG et al 


Radhakrishna HS, Lam KC, Kjartanson BH*, 
Cheung SCH*. 

Modelling the in-situ performance of bentonite-sand 
buffer. Materials Research Soc Meeting, Boston, 
Massachusetts, November 26, 1989. 


Radhakrishna HS, Parmar D*. 

Use of fluidized thermal backfills for underground 

high voltage transmission cables. Power Engineering 
Soc, Insulated Conductors Committee, St. Petersburg, 
Florida, November 7, 1989. 


Radhakrishna HS: see Havard DG et al 
Rajagopalan R: see Camacho F 


Rakchaev V. 

Lubricant rationalization — specification and use. 

An Education Workshop on Basic Lubrication, Soc of 
Tribologists and Lubrication Engineers, Toronto, 
Ontario, November 16, 1989. 


Rasile EM: see Warr BD et al 


Ringler KG. 

Experience with metal oxide surge arresters on the 
transmission system. Seminar on Metal Oxide Surge 
Arresters and Varistors, Ontario Hydro Research 
Division, Toronto, Ontario, May 17, 1989. 


Ringler KG: see Erven CC 
Russell SB: see Ogram GL et al 


Sauvé RG, Badie N. 

Simulation of fuel channel response in CANDU nuclear 
reactors. 7énth Structural Mechanics in Reactor Tech- 
nology Conference, Anaheim, California, August 1989. 


Sauve RG, Teper W. 

Simplified methods for impact loads of solid walled 
transportation packaging for radioactive materials. 
Tenth Structural Mechanics in Reactor Technology 
Conference, Anaheim, California, August 1989. 


Sauve RG, Tulk JD, Gavin ME. 

Impact analysis and testing of tritiated heavy water 
transportation packages including hydrodynamic 
effects. Int Symposium on the Packaging and Transport 
of Radioactive Materials, Washington, DC, June 1989. 


Scarth DA, Lee WK. 

The fatigue behaviour of hydrided Zr-2.5 Nb pressure 
tube material. Fuel Channel Technology Seminar, 
Alliston, Ontario, November 12-15, 1989. 


Schumacher LC, Holzhueter IB, Kalia RK. 

Air cathodes for electrolytic processes: recent develop- 
ments in materials and applications. Electrochemical 
Soc Spring Meeting, Toronto, Ontario, March 3, 1989. 


Schumacher LC, Holzhueter IB, Nucara MC*, 
Dignam MJ* 

Investigation of the electrocatalytic activity for oxygen 
reduction of sputter deposited mixed metal films. Jn 
Chemical Congress of Pacific Basin Societies, Honolulu, 
Hawaii, December 17-22, 1989. 


Sedding HG: see Stone GC, Stone GC et al 


Sedo JH. 

An improved method for compensation of pressure 
tube thickness effects in the CIGAR gap measurement 
system. Fuel Channel Technology Seminar, Alliston, 
Ontario, November 12-15, 1989. 


Senkiw GA. 
Concrete anchor tests at Ontario Hydro. Lecture at 
the University of Stuttgart, Stuttgart, West Germany, 
May 9, 1989. 


Senkiw GA. 

Load-relaxation tests on sleeve and lead caulking expan- 
sion anchors. Am Concrete Institute Winter Convention, 
San Diego, California, November 1, 1989. 


Senkiw GA: see Havard DG et al 
Shek GK: see Coleman CE* et al 


Shmayda WT. 
Bruce site search for cold fusion. Search for Cold 
Fusion APEO, Bruce Chapter, Bruce NGS A, Ontario, 


June 19, 1989. 


Shmayda WT, Kherani NP, Antoniazzi AB. 
Looking for cold fusion. Canadian Association of 
Physicists, University of Guelph, Guelph, Ontario, 
June 26, 1989. 


Sim SH. 

Maintenance research in Ontario Hydro. Second 
Annual Meeting of the Int Foundation for Research in 
Maintenance, Toronto, Ontario, June 26-30, 1989. 


Sparkes R*, Vekris SL. 

Radiation protection training for a power utility 
research laboratory. Tenth Annual Conference of the 
Canadian Radiation Protection Association, Victoria, 
British Columbia, April 30-May 3, 1989. 


Spencer FS: see Ogram GL et al 


Stevens DJ. 

Ontario Hydro’s involvement with small mechanical 
vapor recompression. National Heat Pump Coordinat- 
ing Committee, Toronto, Ontario, April 27, 1989. 


Stone GC, Sedding HG. 

New monitors to detect aging in rotating machine 
insulation systems. AJM Conference, Liege, Belgium, 
September 1989. 


PRESENTATIONS 


Stone GC, Sedding HG, Bernstein BS*. 

Assessing the condition of rotating machine insulation. 
EEI Electrical System and Equipment Committee, 
Mahwah, New Jersey, October 1989. 


Stone GC, Sedding HG, Klempner GS. 
Developments in rotating machine on-line partial 
discharge testing. CIGRE Colloquium on Electrical 
Machines Maintenance and Monitoring, Montreal, 
Québec, September 1989. 


Stone GC, van Heeswijk RG*. 

The effect of polarity and surge repetition rate on 
electroluminescence in epoxy. JEEE Conference on 
Electrical Insulation and Dielectric Phenomena, 
Leesburg, Virginia, October 29-November 1, 1989. 


Stonkus DJ. 

Assessment of fire protective cable coatings. 

CEA Engineering and Operating Division Meeting, 
Toronto, Ontario, March 13-16, 1989. 


Strack JT. 

Competition, free trade and electrotechnologies. 
Canadian Committee on Electrotechnologies Information 
Meeting, Technical University of Nova Scotia, Halifax, 
Nova Scotia, October 31, 1989. 


Strack JT. 

Competition, free trade and electrotechnologies. 
Canadian Committee on Electrotechnologies Information 
Meeting, University of Western Ontario, London, 
Ontario, March 22, 1989. 


Strack JT. 

Electrotechnologies and their application in industry. 
Canadian Committee on Electrotechnologies Information 
Meeting, University of Toronto, Toronto, Ontario, 


January 5, 1989. 
Strack JT. 


Electrotechnologies and their application in industry. 
Canadian Committee on Electrotechnologies Information 
Meeting, University of Waterloo, Waterloo, Ontario, 
February 7, 1989. 


Strack JT. 

Power electronics applications in the industrial electro- 
heat field. The University of Toronto Power Electronics 
Research Team, Toronto, Ontario, July 21, 1989. 


Sulowski AC. 

Development of the CSA Z259.3 harness, fall protection 
standard. Meeting of the CSA Advisory Panel on 
Personal Protective Equipment, Winnipeg, Manitoba, 
September 19, 1989. 


Sulowski AC. 
Fall protection. Hydraulic Generation Group, Toronto, 
Ontario, October 19, 1989. 


Sulowski AC. 
New developments in fall protection. NGD Conference, 
Talisman, Ontario, November 21, 1989. 


Sumar RN: see Tulk JD 


Tabatabai M: see Havard DG et al, Krishnasamy SG 


Tam YT. 
Applications of meteorology in power utilities. San Jose 
State University, San Jose, California, July 5, 1989. 


Tam YT, Melo OT. 

The chemistry of fog water in Southern Ontario. 

Air and Waste Management Association Eighty-Second 
Annual Meeting, Anaheim, California, June 25-30, 1989. 


Teper W: see Sauvé RG 
Thampi RG: see Mangal R et al, Mozes MS et al 


Tinkler MJ. 

Field testing of a portable robotic system for 
hydraulic turbine runner repair. Second Int Conference 
on Trends in Welding Research, Gatlinburg, Tennessee, 
May 14-18, 1989. 


Tinkler MJ. 

Welders’ health - an international perspective. 

Am Welding Soc Annual Meeting, Washington, DC, 
April 2-7, 1989. 


Tsang RH: see Havard DG et al 


Tulk JD, Sumar RN. 

Development of a concrete container for irradiated fuel 
storage and transport. PATRAM 89, Washington, DC, 
June 11-16, 1989. 


Tulk JD: see Sauve RG et al 


Vascotto GL, Camacho E 

In search of evidence of climate warming from 
Canadian climate records. Soc of Environmental 
Toxicology and Chemistry, Toronto, Ontario, 
October 30, 1989. 


Vascotto GL, Niklas PU. 

Influence of larval size on future weight of 
Macrobrachium rosenbergit. Aquaculture “89 Expo, 
Los Angeles, California, February 12-16, 1989. 


Vascotto GL: see Camacho E Niklas PU 
Vekris SL: see Sparkes R* 


Walsh ML, Agnew DA, Harvey SM, Wiley M*, 
Corey P*, Charry J*, Kavet R*. 

Magnetic field rodent reproductive study (MFRRS). 
1989 Contractors Review Meeting, Portland, Oregon, 
November 13-16, 1989. 


Walsh ML, Agnew DA, Wiley M*, Charry J*, 
Corey P*, Harvey SM, Kavet R*. 

Experimental research assessing biological effects of 
exposure to VLF magnetic fields: the University of 
Toronto study as a model. Second Int Scientific 
Conference on Work with Display Units, Montreal, 
Québec, September 11-14, 1989. 


Warkentin BW: see Krishnasamy SG et al 


PRESENTATIONS 


Warr BD, Elmoselhi MB, Rasile EM, 
Brennenstuhl AM. 

Microstructures of oxides on removed pressure tubes. 
Fuel Channel Technology Seminar, Alliston, Ontario, 
November 12-15, 1989. 


Warr BD, Rasile EM, Brennenstuhl AM. 
Microscopical and compositional analyses of oxides in 
Zr-2.5 wt% Nb. [AEA Technical Committee Meeting on 
Fundamental Aspects of Corrosion of Zirconium-Base 
Alloys in Water Reactor Environments, Portland, 
Oregon, September 11-15, 1989. 


Warr BD: see Brennenstuhl AM et al, McIntyre NS* 
et al 


Woods BG: see Balbaa IS et al 


Yap S. 
Northern climate HP field evaluation. Ontario Hydro 
New Business Ventures Division, Toronto, Ontario, 


January 12, 1989. 


Yap S. 

Northern climate heat pump field results. National 
Heat Pump Coordinating Committee, Toronto, Ontario, 
April 27, 1989. 


Young DJ. 


Ground source heat pumps in a northern climate. 


National Heat Pump Coordinating Committee, Toronto, 


Ontario, April 27, 1989. 


Young DJ. 

The kool-fire heat pump: a technology and market 
overview. CEA Customer Services Division Meeting, 
St. John’s, Newfoundland, May 8, 1989. 


Zhou Z: see Dayal R, Dayal R et al 


50 


ACRONYMS 


AECB 
AECL 
ASIC 


ASME 


CANDECON 
CANDU 
CEA 


CFFTP 


CIGAR 


CIGRE 


CILA 
COG 
CPSD 


CUICAC 


EPRI 
GEMS 
GIS 
GS 
ICE 


IEEE 


IMPI 


IREQ. 


ISMI 


MSDSs 
NDE 
NGS 
NPD 
NPLA 


NSERC 


Atomic Energy Control Board OCMR 
Atomic Energy of Canada Limited OHRD 
Application Specific Integrated Circuit OR 
American Society of Mechanical PALC 
Engineers 

R&D 
CANDU Decontamination 

RIKEN 
Canadian Deuterium Uranium (reactor) 
Canadian Electrical Association SIR 
Canadian Fusion Fuel Technology SLAR 
Program 

SRB 
Channel Inspection and Gauging 
Apparatus for Reactors STC 
International Conference on Large TGS 
Electrical Systems 

URL 
Canadian Industrial Laser Association 

WHMIS 
CANDU Owners Group 
Central Production Services Division WISE/CFSG 


Canadian University - Industry Council 
for Advanced Ceramics 


Electrical Power Research Institute 
Generator Expert Monitoring System 
Gas-Insulated Switchgear 

Generating Station 

Integrated Computing Environment 


Institute of Electrical and Electronics 
Engineers (usa) 


International Microwave Power Institute 
Institut Recherche Electricité de Québec 


Industrial, Scientific, Medical, and 
Instrumentation (Section) 


Material Safety Data Sheets 
Nondestructive Evaluation 
Nuclear Generating Station 
Nuclear Power Demonstration (unit) 


Nuclear Plant Life Assurance 


Natural Sciences and Engineering 
Research Council 
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Ontario Centre for Materials Research 
Ontario Hydro Research Division 
Operations Research 

Programmable Auxiliary Logic Controller 
Research and Development 


Institute of Physical and Chemical 
Research 


Stable Isotope Research 

Spacer Location and Repositioning 
Sulphate-Reducing Bacteria 

Society for Technical Communication 
Thermal Generating Station 
Underground Research Laboratory 


Workplace Hazardous Materials 
Information System 


Women in Science and Engineering/ 
la Corporation des Femmes en Sciences 
et en Génie 


From left to right: 
Chris Cheh, 

Frank Greening, and 
Ron Massey. 

Chris Cheh holds a 
sample of commer- 
cially available 
calcium oxide, which 
is used to prepare the 
calcium hydroxide 
essential to the 
carbon-14 removal 
process. 


SIGNIFICANT RESEARCH CONTRIBUTION 
ANNULUS Gas CARBON-14 REMOVAL SYSTEM AND OXYGEN ADDITION SYSTEM 


In CANDU reactors, carbon-14 ('4C) is produced 
primarily in the moderator cover gas system and in the 
nitrogen annulus gas system. Carbon-14 has been iden- 
tified as a potential health hazard, attributable to both 
the ease with which it may be assimilated into the bio- 
sphere and its long half-life of 5730 years. Without a 
removal process, gaseous '*C is eventually released into 
the environment during pressure relief venting and 
purging operations. In anticipation of regulations 
requiring further reduction in '*C emissions, a research 
and development '*C control and removal program 
was initiated by the Chemical Research Department 
over a decade ago. 

Prior to the research effort at OHRD, three methods 
of removing carbon dioxide from gas existed, all of 
which were disadvantageous or hazardous. In the 
course of their research, Chris Cheh and Roger Glass 
discovered that the solid calcium hydroxide system for 
removing carbon dioxide from gas, previously con- 
sidered undesirable because it necessitated operation at 
temperatures approaching 450°C, was effective even at 
ambient temperatures if the humidity of the gas were 
raised. This solution to the high-temperature problem 
constituted an initial breakthrough that led to a series 
of other findings, ultimately ending in 1989 with the 
installation of the Annulus Gas Carbon-14 Removal 
System and Oxygen Addition System at Pickering Nes 
Units 3 and 4. 

The ambient temperature process, which uses 
calctum hydroxide as the sorbent to remove radioactive 
carbon dioxide ('*CO ) from gaseous streams, is a safe, 
simple, and reliable method. It was first tested in actual 
plant conditions at the Nuclear Power Demonstration 
(NPD) unit. The '4C removal system used in the moder- 
ator cover gas system at NPD was designed and built at 
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Research Division by Shinn-Der Chang, Chris Cheh, 
and Rick Currie. It operated for approximately 

600 hours before its return to OHRD upon the shut- 
down of NPD. 

After an in-house evaluation of the npp system, the 
research team concluded that, with only minor modifi- | 
cations, the system could be used to solve another 
'4C problem that had surfaced at Pickering: Deconta- 
mination of the annulus gas system took on unprece- 
dented importance in 1985 when, during major retubing 
operations in Units 1 and 2, work was impeded by the 
unexpected finding of contamination from '*C in the 
form of an easily dispersed fine black dust. Chris Cheh 
and Pat Marchione undertook to adapt the system to 
meet the new needs of Pickering’s annulus gas system. 

The investigative work of Frank Greening on the 
nature of the '*C deposit in Pickering Units 1 and 2 
directly influenced the decision to add oxygen to the 
annulus gas system to oxidize '*C to '4CO). Addition 
of oxygen facilitates the removal of '*C, with a con- 
comitant benefit of the process being the maintenance 
of a protective oxide layer on the pressure tubes. 
Monitoring of the progress of the oxidation and 4C 
removal was carried out by Analytical Services staff, 
namely Ron Massey, Ivan Hunter, Peter Agg, 

Don Oberding, and Wojciech Schmidt. 

On July 26, 1989, the Annulus Gas Carbon-14 | 
Removal System and Oxygen Addition System at | 
Pickering Unit 4 were declared in service. Similar sys- | 
tems at Unit 3 had been operating for months. The 
successful implementation of this technology marked 
the culmination of many years’ research and develop- 
ment and has earned the members of the Chemical 
Research team deserved recognition throughout the 
Corporation. 
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Surface science techniques have applications 
central to ensuring the reliability of Ontario Hydro’s 
generating plants and also fundamental value to 
studies of corrosion-inducing mechanisms. Here, 
prior to examination by Auger spectroscopy, a metal 


foil is being inspected visually for surface defects. 
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Vice President’s Message 


One of the challenges faced by all innovators is that of 
getting their ideas implemented and their products 
used. This process, technology transfer, is crucial 

to innovation. The Research Division is no exception, 
and the transfer of technology both internally 

and externally is an important part of its mandate. 
This process has been ongoing for over 75 years, and 
the innovations produced by the Division have helped 
make Ontario Hydro a world leader in the electric 


power industry. 


By facilitating the transfer of technology to industry, 
both that developed by Hydro and by others, the 
Research Division helps Ontario’s manufacturers 
use energy, particularly electricity, more effectively. 
The Division’s assistance given to one Ontario 


manufacturing company helped to improve the 


efficiency of its heat pump products, thereby improving 


competitiveness and providing the potential to reduce 


electrical demand in the province. In another instance, 


an innovation in continuous casting technology 
currently being transferred to a local steel producer 
will potentially result in large electrical energy savings, 
thus providing benefits both to the producer and 
Ontario Hydro. 


Other avenues for technology transfer are being used. 
Representatives of industry ask the Division’s experts to 


participate in manufacturing consortia and to support 


new products that incorporate innovations produced by 


the Division. New Business Ventures Division actively 
markets the Research Division’s products. Technology 
transferred to industry in this way helps Ontario 
industry and returns some of the money invested in 
research to the Corporation. New Business Ventures 
Division is also participating in a new venture, IRIS 
Power Engineering. This company, founded by former 
Research employees, will utilize technology developed 
by the Division to its own benefit and that of Ontario 
Hydro. 


Over the past eight decades, Ontario industry and the 
Province have benefited from technology developed by, 
and transferred from, Ontario Hydro research activities. 
I anticipate that Hydro’s contribution to our Province 
will continue, with emphasis on helping our customers 
make effective and efficient use of electricity by 


applying appropriate technologies to meet their needs. 


ee ee 


A.R. Holt 
Vice President 


Corporate Planning 


Colin Campbell (Vice President, Operating Services, 
Dofasco), Al Holt, Frank Pickard (President and 
CEO, Falconbridge), and Gordon Thursfield 

(Vice President, Energy Group, Canada Wire and 
Cable) discuss the value of more efficient electricity 
use to Ontario industry. 
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Director’s Message 


In 1990, the Research Division successfully met the 
many demands presented by Ontario’s power system. 
Success was directly attributable to the highly trained 
and dedicated researchers hired by the Research 
Division in the past. But what of the future? Will we be 
able to maintain our record of research excellence into 


the twenty-first century? 


Like the rest of Canadian industry, we require a 
continuing supply of bright researchers to supply the 
knowledge and new ideas necessary to provide the 
innovations we need to remain competitive. Since the 
late 1960s, science and technology in the Western world 
have fallen from favour. The emphasis of business and 
education has shifted away from the creation of wealth 
to focus on its manipulation. As a result, projections 
indicate that the supply of qualified researchers will be 
inadequate to meet the needs of Canadian industry over 


the next decade. 


Ensuring the life of older facilities demands the 
cooperation of both technical professionals and 
management. Here, Jim Sato (engineer), Bob Lococo 
(mechanical maintenance foreman), and Don Mills 
discuss the refurbishment plans for the Ontario 
Power Generating Station at Niagara Falls. 


While the education system is the foundation of a 
vigorous science and technology base, it cannot do the 
job alone. Science and engineering must compete 
more effectively as career choices for young people. 
Thus, there must be evidence that these disciplines will 
provide meaningful and financially rewarding careers. 
The Research Division plays an important role in the 
education system. Our researchers give presentations 
in local schools on careers in science and technology 
and provide support for other science education 
activities. Arrangements are made for promising 
science and engineering students to visit our 
laboratories. We provide work opportunities for 
students, both during the summer and during the 
academic year. Some of our researchers hold adjunct 
professorships at Ontario universities and participate 
in the National Sciences and Engineering Research 
Council (NSERC) industrial postdoctoral program by 
providing recent graduate scientists opportunities to 


work in their fields in an industrial setting. 


In addition to encouraging students to choose careers 
in science, the Research Division also provides career 
opportunities in a number of technical areas as 
evidenced by the contents of this annual. The Division 
has taken a leadership role in developing dual career 
paths in order to provide technical professionals with 
the same rewards as employees interested in 
management activities. Continuing job training, 
challenging work, and opportunities for peer 
interactions contribute to an exciting environment 


for rewarding careers in science and engineering. 


The opportunities and work environment afforded by 
Ontario Hydro’s Research Division have enabled us to 
attract and keep a highly qualified staff. Our excellent 
staff in turn has allowed us to successfully deal with the 
challenges presented by the power system over the 
years. I would like to thank the Managers of the 
Research Division and their staff for contributing to 


this enviable record in 1990. 


D. Mills 
Director 


Research Division 
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Leade! 


Excellence, innovation, internationally acclaimed research, and timely commercial 


implementation allow the best of technology to be turned to Corporate advantage. 


Ontario Hydro’s central mandate is to provide safe, 
reliable, and economical electric power to the province 
of Ontario with due regard for sustaining the natural 
environment. The utility can also make a substantial 
contribution to provincial economic development 
through exploitation of the utility’s investment in 
research and development (R&D). New technologies 
can do more than provide the solution to specific utility 
problems; they can also help make Ontario industry a 
serious contender in today’s complex, dynamic, 


technologically oriented global marketplace. 


Until 10 years ago, the Research Division saw its 
objective as solely the support of Corporate needs. 

This view has evolved into one that recognizes a 
secondary objective, that of supporting provincial 
economic development, especially the electrical needs 
of Ontario industry. Broadly, the Research Division can 


serve Ontario by 


1. Developing new technologies to increase the 


efficiency of electrical power utilization; 


2. Assisting Ontario industry to exploit new, efficient 


electrotechnologies; 


3. Testing industrial products and services that use or 


rely on electricity; 


4. Developing new products that can be licensed or 


given to industry for sale to other clients; and 


5. Performing contract research for companies in areas 


where Hydro can provide special expertise and facilities. 


Any Ontario Hydro strategy for promoting economic 
development must first ensure that the electric power it 
produces be used to its very best advantage. Customer 
needs must be balanced with available electricity 
resources. In striving to match the supply and 
consumption of electricity in Ontario, any effort to 
improve utilization efficiency can be considered an 
“efficiency resource” that ranks as high as any other on 


the supply side of the equation. More efficient 


electrical utilization is expected to provide the 
Corporation with the equivalent of a 3 500 MW 
peak demand savings by the turn of the century. 


In support of the Corporate energy management 
program, the Division seeks to increase the penetration 
of existing technologies into the marketplace and to 
aggressively explore the potential of new technologies 
for future application and development. When in the 
customer’s best interest, the Division helps the 
Corporation provide customers with the assurance 
that adoption of an unfamiliar technology will pay off, 
and with minimum risk to the environment. The 
Division’s extensive research into new heat pump and 
microwave technology is a prime example of this 


mandate in action. 


Ontario has a climate marked by extremes: its residents 
cope with extreme winter cold and with considerable 
summer heat and humidity. Meeting demands for 
space heating and cooling represents one of the largest 
energy uses in our climate. Half a million Ontario 
homes are electrically heated. Collectively, these homes 
use over 3 000 MW of Ontario’s peak load. 


Advanced heat pump technologies have been identified 
by the Research Division as having considerable 
potential to reduce residential demand. Generally, heat 
pumps have been developed for climates less severe 
than ours; however, Ontario’s cold winters demand a 
heat pump with much better winter performance 
characteristics. This means that Corporate demand 
management targets can be well served by developing 


the technology base itself. 
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Several types of heat pumps can lower the demand for 
the energy that Hydro produces. A moderate 
penetration of cold climate air source heat pumps, 
burner-assisted heat pumps, and ground source heat 
pumps into the Ontario market could yield at least 
300 MW of demand reduction by the year 2000. 


A new type of ground source heat pump promises the 
customer lower capital costs and better performance. 
Ground source heat pumps use heat present in the 
earth that has been warmed by the sun and internal 
sources. Market penetration of this newly available and 
environmentally friendly technology is being enhanced 
by a Research: Division development that obviates the 
need for a secondary heat exchange step in its 
operation. Current systems collect heat from the earth 
through a buried pipe filled with antifreeze. A heat 
exchange step is required to transfer the collected heat 
from the antifreeze to the heat pump itself. The refined 
model extracts heat directly from the ground via a 
buried copper refrigerant coil. Direct expansion of 
refrigerant means that heat from the ground is 


transferred directly to the pump. 


Earth energy systems, such as the ground source 
heat pump, reduce energy costs for heating and 
cooling. Customers can save as much as 60 percent 
on their heating costs and 20 percent on 


air-conditioning. 


Or 


In today's technologically-driven world, it is not an exaggeration to say that a new 


technology must make history quickly, or be consigned to it. 


Elimination of the heat exchange step translates to a 20 
percent savings in the purchase and installation costs of 
this new version of the ground source heat pump. 
Operating costs lower than those of other commercially 
available heating systems are another advantage. If the 
operating costs of some popular systems are compared 
on an annual basis, a homeowner who spends $1 100 on 
electric resistance heating could expect to spend about 
the same on oil heating, and $600 on gas heating. This 


compares with only $400 on the new heat pump system. 


Quite apart from the demands of the residential 
market, industry’s needs and expectations for power are 
growing even as Ontario Hydro’s ability to meet those 
needs diminishes. As Hydro becomes more and more 
pressed to meet increasing demand and as conventional 
conservation measures approach the saturation point, 
further relief can only come from new approaches and 


new technologies. 


Optimizing the spin-off potential of technological 
advances can give Ontario a competitive edge in the 
global marketplace. For the Corporation to exploit this 
potential, the Research Division must ensure the 
shortest possible time lag between laboratory discovery 
and safe and economic implementation in the 
marketplace. In today’s competitive world, it is not an 
exaggeration to say that a new technology must make 


history quickly, or be consigned to it. 


Ontario's steel producers expect substantial cost savings 
and increased productivity from the development of a 
new process for the continuous casting of high-grade 
steel bar products. The concept on which the process is 
based is simple. A new technological base has allowed 
the development of a novel radially pulsating mould, 
which not only produces a better quality surface and 
internal steel structure, but also integrates the overall 


casting process. 


The Research Division provided research support for 
the project in collaboration with two major Ontario 
steel product producers. Funding was provided by 


Ontario Hydro’s Energy Management Branch. 


The new continuous casting technology overcomes 
sticking problems associated with the use of a stationary 
mould. High-frequency radial pulsation of the mould 
used in the new, more energy-efficient process results in 
a marked reduction of friction and, consequently, allows 
high-speed smooth withdrawal. The result is a cast that 
is virtually defect free and suitable for further 


continuous processing. 


Ontario Hydro must consider the supply side of the 
equation as well as the demand side. The utility delivers 
the power it produces through an electricity grid 
consisting of integrated 500-kV, 230-kV, and 115-kV 
transmission networks and extensive distribution 
systems operating at lower voltages. The delivery system 
is designed and built to allow Hydro to manage the 
fluctuations in power flow across the province, 
including rapidly changing power flow patterns arising 
from faults, emergencies, and other unusual conditions. 
Interconnections with neighbouring utilities provide 
backup to further ensure reliable power delivery. 
Reliable protection of the components of a system of 
this complexity is vital. This is especially true of a power 
system already stressed by high operating demands 
coupled with the reality of aging equipment. 


Within this context, the development of new 
technologies is particularly important; only through 
their development can power system growth 
requirements be met. This is why a substantial portion 
of Research Division effort is being expended to secure 
and protect the system and to develop a better 


understanding of aging mechanisms. 
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At times, Ontario’s winter weather makes ensuring 
secure power delivery difficult. Insulator flashovers can 
occur when freezing rain and fog are followed by slowly 
rising temperatures. On average, the Southern Ontario 
system might expect this mix of conditions to cause 
flashover problems every 2 years, but in March 1986, 
conditions were particularly severe, and a total of 57 
flashovers of line suspension and post insulators forced 
a large part of the 500-kV system out of service. Since 
that time, a major research program has been underway 
to gain a better understanding of the phenomena and 
to develop suitable insulator retrofits for use in 


vulnerable locations. 


The first step was to simulate in the laboratory as closely 
as possible the specific mix of weather conditions that 
triggered the events of 1986. The Division’s high- 
voltage laboratory facilities were modified to enable 
reproduction and control of the variety of factors 
known to contribute to the flashover mechanism. 

The combination of factors found to play a key role in 
producing flashovers were the levels of pollutants on 
the insulator surface, the rate and amount at which ice 
formed, and the conditions associated with subzero fog 


and slowly rising temperatures. 


Ontario's steel producers expect substantial cost 
savings and increased productivity from the 
development of a new process for the continuous 


casting of high grade steel. 


In the final analysis, it is only operating experience itself that can establish the 


success of a new technology. 


In addition to determining the exact relationship 
between specific external factors and the flashover 
event, a complementary research effort resulted in the 
design of an alternative insulator that exhibits a 20 
percent performance improvement over the standard 
insulator. Polymer insulators are also being evaluated as 


a means of obtaining better performance at lower cost. 


Since the work on outdoor insulators began in 1986, 
knowledge of weather factors and better simulations 
have come about as the high-voltage test facility has 
been upgraded. The big payoff will be improved 
insulators for stations and lines less vulnerable to 
flashover under the influence of weather conditions 
typical of Southern Ontario. For the Division, this 
means an opportunity to pursue the development of 
new standards for outdoor insulation; for industry these 
standards will ensure a better product line of insulators; 
and for the Corporation a more secure and reliable 
transmission system. Ontario Hydro leads the world in 
this area of R&D: no other test facility has the capability 


of that now in operation at the Research Division. 


The work on outdoor insulators has involved the close 
cooperation of a number of stakeholders elsewhere in 
Ontario Hydro, which includes System Planning, Design 
and Development-Transmission; and Power System 
Operations Divisions. External contracts were also 
awarded for tasks such as remodelling the fog chamber 
and for testing the insulators under different 
conditions. The work on polymeric insulators also 
involved liaisons with several external organizations, 
including the Institute of Electrical and Electronics 
Engineers (IEEE) and the Electric Power Research 
Institute (EPRI). The work was funded jointly by 
Ontario Hydro and the Canadian Electrical 
Association (CEA). 


To solve certain transmission line outage problems, new 
materials that better withstand extremes of temperature 
and mechanical forces seem to hold much promise. 
The answer to many types of equipment failure may lie 
in the development and application of “advanced” 
materials, which are primarily composites of metals, 
ceramics, and polymers. The result may be a major 
Opportunity to reduce outages through use of 
components that possess significantly higher 
mechanical and environmental stability than those 
fashioned from traditional materials, As well, 
transmission line performance will be improved by 
reducing audible noise, electromagnetic interference, 


energy losses, and construction costs. 


Whereas outdoor insulation reliability is most often a 
concern of utilities operating in northern climates, the 
performance of enclosed high-voltage insulation systems 
concerns major utilities everywhere. As a result, 
promising insulation techniques are being developed 
for use in power equipment and underground cables. 
However, manufacturers and utilities have moved 
cautiously. In the final analysis, it is only operating 
experience itself that can establish the success of a 


new technology. 


To reduce the risk of unexpected operating problems 
associated with the introduction of new enclosed 
insulation systems, Ontario Hydro has maintained an 
ongoing research program to assess the performance of 
SF6 gas-insulated switchgear (GIS) over a period of 15 
years. The Research Division has worked successfully 
with several other Ontario Hydro divisions, a number of 
utilities in the United States and overseas, universities in 
Europe and Scandinavia, and manufacturers worldwide 
to improve the reliability of both existing and future 
installations. A recent success story concerns the 
development of an x-ray induced partial discharge 
(XIPD) technique that allows the study of the long- 
term aging behaviour of epoxy-based materials when 


used as insulators. 
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The XIPD technique significantly improves defect 
detection in high-voltage insulating materials as well as 
the long-term reliability of GIS. Given the critical role 
that switchgear plays in the transmission system, this 
technique was badly needed. The XIPD technique is 
expected to provide the basis for a standard industry 


acceptance test. 


Special attention is currently being given to ensuring 
the long-term reliability of GIS installations. Newly 
developed diagnostic tests allow early detection of 
problems that could lead to failure. Early detection of 
system deterioration allows time for planned rather 
than forced maintenance. Another concern of 
researchers is the provision of safe GIS maintenance 


procedures. 


Problems being experienced by Ontario Hydro relating 
to GIS technology are common to other utilities. In this 
sense, the Division’s activities will benefit the entire GIS 
user community, especially since Ontario Hydro has the 


expertise to influence the writing of industry standards. 


The tiered weathersheds of new 500-kV station post 
insulators designed at Ontario Hydro are expected to 
improve transmission system reliability during winter 


fog and freezing rain storms. 


Q 


Nondestructive evaluation of CANDU reactor fuel channel components provides 


vital information about the performance and life expectancy of critical nuclear 


plant components. 


Yet another Research Division project is aimed at the 
early detection of potential reliability problems and at 
facilitating maintenance to preempt machinery 
breakdown. The ability to assess insulation quality is 
essential if Hydro is to purchase wisely, to prevent in- 
service failures, and to make decisions about 
refurbishment or life extension of large components. 
Specific diagnostic instrumentation related to generator 
insulation has been developed. To date, this technology 
includes two partial discharge tests that can evaluate the 
condition of stator insulation in operating turbine and 
hydraulic generators and a voltage endurance test that 
accelerates aging mechanisms. The endurance test 
evaluates the ability of insulation to stand up to the 
stress of operation at high voltage and elevated 
temperatures. This test has become an IEEE standard, 
and the partial discharge tests have been 
commercialized. Both will be used by utilities the world 
over. In-service winding failures at Hydro are now 


virtually a thing of the past. 


Like other types of power plants, nuclear stations are 
susceptible to aging. Even the aging of Darlington, not 
yet fully in service, must be taken seriously because, 
when this station is on line, nuclear power will account 
for 60 percent of Ontario Hydro’s total energy 
production. Addressing uncertainties about age-related 
degradation of many nuclear plant components—there 
are thousands—is very different from addressing the 
same uncertainties about transmission and delivery 
system components. The problem is often one of 
access. Manual inspection of the components that 
make up the core of an in-service CANDU reactor is, of 


course, impossible. 


Inspection of CANDU reactor fuel channel components 
can be best achieved through their nondestructive 
evaluation (NDE). NDE technologies are 
complementary to technologies related to the discipline 


of fracture mechanics, 


Whereas fracture mechanics seeks to predict the 
performance of materials, components, and structures 
through both analysis and experiments, NDE enhances 
this technology by the timely discovery of imperfections 
that may lead to a structure’s early failure. Both 
disciplines meld together to provide information about 
the performance and life expectancy of critical nuclear 


plant components. 


At this time, it is fuel channels that provide the 
Corporation with its greatest challenges, both 
technically and economically. Given the hundreds 

of tubes in a reactor, the question facing the researcher 
is how to inspect them for the presence of cracks or 
defects without incurring immensely costly reactor 


downtime. 


The NDE techniques developed at the Research 
Division have used CANDU’s unique on-power 
refuelling capability to advantage. Three fuelling-based 
inspection systems, known at Hydro by their acronyms 
CIGAR, PIPE, and BLIP, were developed at the 
Research Division in concert with Central Production 
Services, Design and Development-Generation 
Divisions, and Canadian General Electric. The 
packaged inspection probe system (PIPE), which is 
used to inspect rolled joints in pressure tubes, was 
specifically developed to reduce reactor downtime since 
the standard system, channel inspection and gauging 
apparatus for reactors (CIGAR), took considerably 
longer to couple to a pressure tube. PIPE was 
developed as a response to an Atomic Energy Control 
Board (AECB) request that rolled joints in older 
reactors be inspected for delayed hydride cracking. 
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PIPE worked extremely well during the inspection of 
Bruce NGS Units | and 2. The system was used to 
inspect almost 300 rolled joints at close-to-design 
speeds. PIPE was an original and highly cost-effective 
solution to an urgent problem. At a typical downtime 
cost of $10 000 per hour, the savings of PIPE over 
CIGAR amount to over $12 million. 


Hydride blisters form on pressure tubes when calandria 
tube to pressure tube contact occurs. A related concern 
is how to detect blisters before they become susceptible 
to cracking. Conventional techniques detect only the 
cracking not the blistering. Recently, a newly developed 
technology, which exploits innovative ultrasonic 
technology and advanced data handling techniques, was 
applied to perfect an uncracked blister detection 
module. A blister location inspection package (BLIP) 
using PIPE was used successfully to inspect pressure 


tubes in Pickering NGS Unit 4 reactor. 


Debris and loose parts in the overall flow systems of 
nuclear power plants can be introduced inadvertently, 
particularly in the primary heat transport system, when 
the system is shut down and opened for routine 
maintenance. To remove the debris, and repair any 
resulting damage, requires draining the system, which 
in turn requires downtime. Downtime in turn 
necessitates buying replacement power, thereby putting 


pressure on the utility’s finances. 


All utilities in the U.S., France, Germany, and Japan 
have some form of regulatory requirement for on-line 
loose parts monitoring in their nuclear power plants. 
Ontario Hydro, although not required by legislation to 
provide such monitoring, does do so. The currently 
used system, however, has a major drawback; it requires 
regular auditory monitoring by highly trained personnel 


who verify signals as attributable to loose parts or debris. 


Currently, the human ear is the most sensitive arbiter of 
whether these sounds are the result of metallic debris or 
of a process phenomenon such as cavitation. The need 
for specially and expensively trained personnel leaves 
stations vulnerable when these individuals leave for 


other postings. 


The Research Division is addressing the problem 
differently, by means of neural network technology. 
Unlike the expert system approach to solving problems, 
which attempts to define the rules of logic used by the 
brain, the neural network approach emulates the 
function of neurons. Neural networks can be trained 


to learn a task, not merely to carry one out. 


Neural networks are particularly adept at handling 
auditory signals, even when a well-defined set of rules 
about the character of the signals is unavailable. 
Already success has been achieved in applications 
where neural networks have demonstrated the ability 
to emulate some aspects of human hearing. Although 
sample space in these experiments has been small and 
the ratio of impact signal to background noise high, 
the technology would seem to go far to address 

the need for an automated loose parts monitoring 
system that obviates the need for costly training of 
personnel. No work is being done elsewhere on this 


particular application. 


Ontario Hydro, accepting that no form of energy 
production is entirely environmentally benign, commits 
to design and execute its development plans in a way 
that ensures the continued vitality of the environment. 
The threat of global warming is one that not only 
Ontario Hydro, but utilities everywhere, must face, 
given that power production on the global scale releases 
to the atmosphere billions of tons of carbon dioxide 


and other gases. 
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As a responsible power producer committed to a sustainable environment, 


Ontario Hydro is acutely aware of its responsibilities in this area. 


The principles of the greenhouse effect have been 
understood for over a century. A planet’s climate is the 
product of a delicate balance of energy inputs, chemical 
processes, and physical phenomena. Some gases, like 
carbon dioxide and methane, tend to absorb heat in the 
same way that glass traps heat in a greenhouse, thereby 
allowing temperatures to build up. The intense heat of 
Venus is a result of an atmosphere composed mainly of 
carbon dioxide. Earth’s atmosphere is quite different, 
being dominated by nitrogen and oxygen, whose 
physical properties do not contribute as hugely to global 
warming. The concentration of carbon dioxide has 
varied little over the past several million years, which has 
created a relatively stable climate conducive to life as we 
know it on our planet. The term “greenhouse effect” 
has become part of common parlance not because it is a 
new phenomenon, but because the industrial age has 
ushered in changes not all to humankind’s benefit, 
Anthropomorphic activities necessary to fuel industrial 
production have increased the concentration of 

carbon dioxide and other so-called greenhouse gases 

to levels that could upset the delicate balance of the 


earth’s atmosphere. 


Not the least of these anthropomorphically generated 
threats to the stability of our planet are the by-products 
of world energy production. Fossil fuels provide almost 
four-fifths of the total world energy, and their use 
continues to grow at a rate of 3 percent annually. In 
North America, the Great Depression and two world 
wars reduced this amount somewhat, and the 1973 oil 
embargo reversed the trend significantly; however, since 
the mid-1980s emissions have been increasing. 
Reversing this trend and moving the world gradually 
away from this massive dependence on fossil fuels or at 
least dealing successfully with harmful emissions is 


essential to stabilizing the climate. 


As a responsible power producer committed to a 
sustainable environment, the Corporation is acutely 
aware of its responsibilities in these areas. However, the 
problem must be clearly defined. Initial studies of the 
greenhouse effect have shown that identified changes 


have considerable uncertainty. 


The Corporation, in an effort to resolve some of these 
uncertainties for Ontario, has been involved for some 
time in monitoring global programs. These programs 
have generated data, but many have properties that 
preclude the use of existing techniques of statistical 
analysis. Recognizing the need to develop methods that 
would result in the proper analysis of “noisy” data, the 
Research Division is currently developing trend analyses 
and prediction techniques with a view to identifying 
with greater certainty the emergence of any long-term 
trends in climate. These techniques when applied will 
allow detection and quantification of changes in 


temperature and precipitation across Ontario. 


Global warming would have profound implications not 
only for the world as we know it, but also, on a much 
smaller scale, for its impact on Ontario Hydro’s ability 
to do business. On the supply side, the availability of 
hydraulic generation could be either jeopardized or 
enhanced if patterns of precipitation and 
evapotranspiration were to be altered. Secondly, if 
further regulations were imposed to reduce greenhouse 
gas emissions, the fossil generation option would be 
further compromised. On the demand side, severe 
climatic changes could switch the peak demand from 
winter to summer. Another most significant impact 
would be that conventional future planning tools, which 
rely on historical climatic data, would become less 


reliable. 
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The Research Division’s work on global warming to date 
is not painting as bleak a picture as might have been 
anticipated. The work to collect, to apply newly 
developed statistical techniques, and to compare this 
new data with approximately 100 years of global daily 
data is well underway. The comparison data are being 
obtained by Ontario Hydro’s Power Systems Operation 
Division from the databases of the Canadian 
Atmospheric Environment Service. Another basis for 
comparison will be the data from the NASA Goddard 
Space Flight Center, which includes data from Russian 
records. In the global perspective, these data will allow 
comparisons that will contribute to the testing of 


scenarios obtained from simulations against real data. 


The area being studied by the Research Division is 
bounded approximately by the 43°to 67° parallels, 

but emphasizes the area serviced by Ontario Hydro. 
This area is enough to determine if the magnitude of 
greenhouse-induced change is increasing with latitude, 
as predicted by global models. Examination of the 

data reveals that a slight increase of average yearly 
temperatures has occurred during the last decade. 
Warming increases with latitude and is of significance 
only in the northwestern portion of the province, where 


there are indications of earlier springs. 


Options to resolve problems associated with burning 
fossil fuels include the reduction of coal use, 
reduction of sulphur levels in coals, and the 


installation of emission control equipment. 


Award-winning SONOX technology developed at the Research Division has 


resulted in an agreement with a major U.S. air pollution control firm that allows 


Ontario Hydro exclusive worldwide marketing rights. 


Additionally, the timing of precipitation occurrences 
has shifted. Winter precipitation has decreased, and 
this coupled with earlier springs and warmer winters is 
expected to impact on the pattern of spring runoff. 
Once the obtained data have been thoroughly analyzed, 
concentration will shift to quantification of the 
implications of the data for hydraulic generation and 


electricity demand. 


It has already been noted that one of the undesirable 
effects of burning fossil fuels is that the process adds to 
the concentration of greenhouse gases in the 
atmosphere. Burning fossil fuels also adds sulphur 
dioxide and nitrogen oxides to the atmosphere, which, 
in turn, contributes to a further environmental problem 
— the production of acid rain. In an effort to sustain 
the environmental base, Ontario Hydro is heavily 
committed to a comprehensive program to address this 


wide-ranging and complicated problem. 


A number of approaches to problems associated with 
burning fossil fuels are being pursued by Ontario 
Hydro. The conversion of fossil fuels into a cleaner 
product is one of these. The development of an 
integrated gasification combined cycle turbine (IGCC) 
allows the use of lower cost coal rather than gas asa 
primary fuel. The IGCC conversion process integrates 
several proven processes, such as combined cycle and 
coal gasification, into a single high-efficiency, cleaner 
fossil option. Other options include the reduction of 
coal use, the reduction of sulphur levels in fuels, and 


the installation of emission control equipment. 


A limestone slurry system will be installed on two units 
at Lambton TGS with an in-service date of 1994, and 
depending on load growth, more flue gas 
desulphurization systems will be installed at both 
Lambton and Nanticoke TGSs. A post-combustion acid 
gas emission control program designed to optimize 
high-efficiency scrubbing systems is underway. Results 
to date show that a limestone dual alkali process should 
perform as designed and that the production of 


commercial gypsum is technically feasible. 


Another recent development is the SONOX process. 
This process uses a lime er limestone slurry with a 
nitrogen-based additive that allows the simultaneous 
removal of SO, and NO, in one step. The slurry is 
injected directly into a furnace at temperatures between 
900 and 1200°C. The technology achieves up to 85 
percent SO, removal and effective NO, removal of 63 to 
80 percent. In some situations, the cost of installing 
and operating a SONOX can be as low as 50 percent of 
the cost of installing a wet flue gas desulphurization 
system. The technology won a New Business Ventures 
Excellence Award in 1989, and a major U.S. air 
pollution control firm has entered into an agreement 
with Ontario Hydro to establish exclusive worldwide 
marketing rights. 


In the atmosphere, NO, reacts with volatile organic 
compounds (VOCs) under action of sunlight to 
produce ozone and other photo-oxidants. Under 
specific weather conditions, photo-oxidants can reach 
levels thought to be harmful to human health, crops, 
and forests. The unusually hot and sunny summer of 
1988 was conducive to photo-oxidant formation and 


ozone levels were at their highest in recent memory. 
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Whereas it is well known that ozone concentrations in 
the lower atmosphere depend on prevailing NO, and 
VOC concentrations, the exact mechanism is complex 
and not fully understood. Southern Ontario is subject 
to some of the highest ozone concentrations in Canada. 
It is also known that the region is subjected to 
significant transboundary fluxes of ozone and its 
precursors. Additionally, a large number of sources, 
both natural and anthropogenic, are involved. At 

this time, it is difficult to specify with any certainty 
how ozone concentrations will respond to changes in 


NO, emissions. 


The Research Division has put into place a program, 
NO, Emissions and Ozone Formation, which will 
generate information about Ontario Hydro’s impact 
on ozone production. The work complements that 
being done in the U.K., Europe, the U.S., and by the 
Canadian federal and provincial governments and 
universities. Components of this program include 
an analysis of air quality; measurements of VOC 
concentrations, particularly of natural VOCs 

in air; measurement of NO, emissions from soils; 
and modelling of the formation of ozone and other 
photo-oxidants in background air and power plant 


plumes. 


Since the program started, achievements have been 
considerable. The concentrations of VOCs in air 
samples collected by Ontario Hydro have been 
determined in collaboration with Environment Canada, 
the Ontario Ministry of the Environment, and York 
University. A tethered balloon technique that can 
measure the vertical profiles of VOCs in the lower 
atmosphere has been developed. A method of 
measuring NOx emissions from soils in situ is in use and 
is being compared with an alternate method developed 
for the laboratory. This allows a cheaper and more 
convenient means of measuring NO, emissions from a 


wide range of soils. 


Additionally, a photochemical box model is being used 
to interpret an extensive set of field measurements of 
VOCs made in Southern Ontario. Modelling indicates 
that natural VOCs play a significant role in local ozone 
formation. The work will help assess the role of Hydro’s 


current operations. 


Overall, what the Research Division is learning is that 
innovation must be considered a product to be 
marketed like any other. In a ruthlessly competitive 
technologically oriented global market, new technology 
is of little use unless it creates value. It is not only the 
senior manager, but also the researcher who must see 
how firmly wedded is the world of technology to the 
world of business. The inherent value of each to the 
other is high. Ontario Hydro’s researchers are listening 
to senior management and responding to its questions: 
“How are the Corporation’s needs changing?” “Where 
should we focus our resources?” “How can this 
discovery be turned to Corporate advantage?” “How 
can the gap between laboratory discovery and 
commercial implementation be shortened?” “What's 
out there in the scientific community that could help?” 
Only when the thrust of R&D is to answer these 
questions can laboratory discovery be linked to a 
company’s overall mandate. Research and development 
are the levers. The strategies that can turn the best 
technology to Corporate advantage are dependent on 


management’s attention and control. 
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Canada's harsh climate, always a challenge that must be met, has given rise toa 


study of the complex subject of ice forces on dams. 


Ontario Hydro’s generating stations are of three types: 
hydraulic, fossil, and nuclear. Fossil stations produce 
heat by burning either coal, oil, or natural gas. Nuclear 
stations use natural uranium in the CANDU reactor to 
generate heat. Both fossil and nuclear stations use the 
generated heat to produce steam, which in turn drives 
turbines. The remaining option, hydraulic, uses 
Ontario’s water resources. The public does not always 
understand that, although Ontario has extensive water 
resources, not much of this water has enough drop or 
flow to make it suitable for hydraulic development. As 
it stands now, Ontario Hydro produces nearly four 
times as much electricity from sources other than 
hydraulic, and further hydraulic development, although 


a high Corporate priority, is necessarily limited. 


During their 90-year lifespan, hydraulic stations require 
major repairs. The Civil Research Department 
contributes to the life extension of aging hydraulic 
stations through the Corporate Dam Structure and 
Turbine Upgrading Program, which provides state-of- 
the-art technological support to evaluate the integrity 
and to monitor the performance of Hydro’s hydraulic 
stations. Programs run the gamut of the Civil discipline. 
One project improves dam safety by installing 
automated, remotely read instrumentation that can 
monitor critical geotechnical parameters in places as 
remote as the Abitibi Canyon. Another project seeks to 
determine the dynamic properties of foundation soils 
under conditions of seismic loading. Additionally, 
advanced monitoring systems were installed at Lower 
Notch GS and Manitou Falls GS to provide advance 
warning of abnormal behaviour attributable to dam 
deformation. Canada’s harsh climate, always a 
challenge that must be met, has given rise to a close 
study of the complex subject of ice forces on dams and, 
over the past few years, to the development of polymer- 
based organic materials now used in transmission line 


foundation construction at subfreezing temperatures. 


The Mechanical Research Department is also involved 
in the turbine upgrading program. To establish their 
structural integrity, turbine runners from six generating 
stations are being tested at twice their usual operating 
speed. The in-service dates of these runners ranged 
from 1904 to 1924. Additionally, a collaborative project 
being undertaken with the Canadian Electrical 
Association (CEA) will result in the provision of 
guidelines to Operations Branch on how to avoid 


bearing failures in hydraulic turbine generators. 


The reliability of generators in Ontario Hydro’s fossil- 
fired stations must be assured. Outage and repair costs 
can be enormous and can sometimes be avoided. 
Avoidable costs are incurred when a generator is either 
taken out of service because of a suspected problem that 
does not materialize or left in service with an 
unsuspected problem that subsequently leads to failure. 
To avoid these types of failures, the Research Division 
developed the generator expert monitoring system 
(GEMS), which is designed to help operators diagnose 
problems as they develop. The system was developed at 
the Research Division with funding from the Electric 
Power Research Institute (EPRI) and in cooperation 
with Design and Development-Generation Division, 
Nanticoke TGS, and SRI International. A GEMS 
prototype system, already in operation at Nanticoke 


TGS, is expected to prevent costly failures. 


Another problem impacting on station reliability is 
attributable to minute breakdowns (partial discharges) 
within insulation systems. Partial discharges are 
symptomatic of aging and may be harbingers of a 
system’s eventual failure. Only the most advanced 
instrumentation can distinguish these very weak signals, 
which might last only a nanosecond, from the high 


noise background typical of generating stations. 
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Even in places as remote as the Abitibi 
Canyon, remotely read monitoring 
instrumentation gives feedback about the 
dam's critical geotechnical parameters. 


Laser isotope separation has the 
potential to greatly reduce the cost of 
heavy water, an essential component of 
the CANDU system. 


Work is underway on a novel method of 
extracting tritium from the exhaust 
streams of fusion reactors. The work 
has both current and future applications. 


State-of-the-art instrumentation, developed at the 
Division, has been in use for several years in hydraulic 
generators and has saved the Corporation many 
millions of dollars in avoided outage and repair costs. 

A comparable system for thermal station 
turbogenerators is in an advanced state of development, 
and prototype systems have been installed in three 
thermal stations. Additionally, partial discharge 
diagnostics is becoming increasingly important in 


relation to substation switchgear reliability. 


Metallurgical Research Department’s support of 
thermal generation is concerned primarily with life 
extension. This year’s work involved the rehabilitation 
of Lakeview Units 5 and 6. In situ metallurgical 
evaluation was applied to determine the residual life of 
high-energy piping. Mechanical Research was also 
involved in this life extension program, and studies 
carried out at Lakeview TGS included an investigation 
of piping integrity, the development of systems designed 
for on-line monitoring of components, and the 
development of boiler tube assessment models. 
Additionally, extensive analytical work to determine the 
cause of failure of turbine blades at Nanticoke TGS has 
been completed. As a result, recommendations for 


modifying the design of these blades have been made. 


Like other types of power plants, nuclear stations are 
susceptible to aging. Securing the high performance 
and safe operation of Ontario’s nuclear stations is of 
paramount importance to Ontario Hydro’s reliable and 
economic operation. Assurance of nuclear plant 
performance by means of nondestructive inspection 
techniques demands a comprehensive multidisciplinary 
approach; a heavy reliance on computer technology, 
signal processing, and electromechanical design is 
required to advance the sophistication of acoustic 
emission, eddy currents, ultrasonics, and spatial 


measurements technologies. 
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High technology applications of electromagnetics have provided short-term 


responses to problems occurring in operating reactors. 


At this time, the Research Division is heavily involved 
in assuring CANDU fuel channel performance. 
Pressure tube studies include several projects designed 
to increase understanding of degradation mechanisms. 
Some of these are described at length in the earlier 
article “Leadership Through Innovation”. Other 
programs involve making life assessments that allow 
informed decisions regarding fuel channel 
rehabilitation programs. This latter area of endeavour 
includes enhancement of the pressure tube creep 
deformation code, modelling of pressure tube hydride 
blister growth, and analysis of residual stresses in 
pressure tube rolled joints. The work on blister growth 
requires a detailed understanding of the sources and 
ingress routes of deuterium into the pressure tube 


material. 


Studies are in progress to achieve end-of-life conditions 
in preservice zirconium niobium alloy, the material 
from which pressure tubes are made. In one program, 
zirconium niobium alloy is subjected to high neutron 
flux in reactors. Until recently, these tests were carried 
out in the DIDO reactor in the U.K. Since the closure 
of the DIDO reactor, alloy specimens have been 
transferred to France’s OSIRIS reactor where the work 
continues. Results are providing the basis for ongoing 
research in many areas of the fuel channel program; 
changes in alloy microstructure that occur as a result 
of neutron bombardment can significantly affect the 
corrosion and fracture properties of pressure tubes, 

as well as their deformation rates. This type of work 
enabled the installation of a revised fuel channel 

creep code, called CDEPTH, to be installed in 
personal computers in Design & Construction and 


Production Branches. 


Electrical Research Department is also involved in 
CANDU-related work. High technology applications 
of electromagnetics have provided short-term responses 


to problems occurring in operating reactors. 


The most significant of these applications includes 
shock heating techniques for separating pressure tube 
and calandria rolled joints, which were used in the 
Pickering NGS Unit | and 2 retubing projects; the 
speedy development of an impulse current method to 
reposition garter springs in reactors; and more 
recently, the development of an alternating current 
technology that has enhanced the performance of 
spacer location and repositioning (SLAR) tooling. 
Costs avoided through these projects run into the 


hundreds of millions of dollars. 


Experimental, analytical, and failure investigations of 
components that fail during their operational life 
comprise an important Research Division activity. 

This year, the Division provided valuable support when 
cracks were found in an operating Darlington NGS 
Unit 2 generator shaft. Metallurgical Research was 
called upon to conduct an exhaustive metallurgical 
analysis of one-half of the fracture surface to determine 
the cause of failure and the mechanism of crack 
progression. This materials analysis was complemented 
by a series of tests performed by Mechanical Research 
to determine cyclic stresses in the replacement rotor. 
Based on an evaluation of these stresses and an analysis 
of fatigue properties of the replacement rotor, all other 
operational rotors at Darlington NGS were modified to 
reduce areas of high stress concentration. To ensure 
that any stresses arising from machining and polishing 
were sufficiently small, a final step involved measuring 
residual stresses nondestructively by means of an x-ray 


diffraction technique. 


Mechanical Research was also significantly involved 
when vibration levels of a primary heat transport 
pumpset exceeded warning and, in some cases, 
shutdown levels. The Department’s timely intervention 
and provision of an advanced monitoring system 
enabled Research Division staff to reduce vibration to 
acceptable levels, thereby preventing a costly unit 
outage. Loss of power for other than safety reasons 
could not have been tolerated; at the time, electrical 
demand for the province had already exceeded 


system Capacity. 
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Steam generators and other types of heat exchangers 
are also the focus of much attention in the nuclear 
generation program. To assure the reliable 
performance of steam generators, Chemical and 
Metallurgical Research Departments are gaining further 
understanding of corrosion mechanisms and providing 
strategies to prevent or mitigate them. Improving water 
chemistry, determining corrosion product transport 
mechanisms, understanding contaminant behaviour, 
characterizing the corrosion of materials under 
conditions of atypical water chemistry, such as are found 
beneath deposits, and defining the optimal water 
chemistry in preparation for station shutdown are only 
some facets of the current effort. The expertise gained 
over many years in the chemical cleaning of steam 
generators in thermal stations is being used to develop 


cleaning programs in nuclear plants. 


Replacing heat exchangers as a result of corrosion 
damage involves considerable capital expense. The 
Chemical Research Department is exploring the role 
played generally by microbiological action attributable 
to the use of lakewater cooling methods. However, the 
recent invasion of the Great Lakes by zebra mussels is 
further increasing the risk of replacement. Consequent 
fouling of generator station intakes, heat exchangers, 
and internal freshwater systems has mandated a 
comprehensive research program designed to inhibit 
the organism’s growth. A wide range of physical and 
chemical technologies are under intensive investigation, 
and research on mussel physiology is being done to 
provide an understanding of which preventive 
applications ensure optimal success. In the Civil 
Research Department, special methods of filtering 
intake water and subjecting the mussels to pressure are 
being evaluated for their usefulness. Preliminary 


laboratory work will be followed by in situ station tests. 


This account of the Research Division’s effort to help 
ensure the best performance of Hydro’s nuclear 
generating stations is far from complete. Some safety- 
related studies should, however, not go unmentioned. 
Chemical Research is involved in an assessment of the 
degradation of nonmetallic materials in a service 
environment. Other safety-related studies added to an 
understanding of the formation, behaviour, and 
removal of radioactive aerosols and hydrogen in 


containment under postulated accident conditions 


and performance evaluation of respirators, filters, and 


impregnated charcoal. 


Issues impacting on worker safety generate research 
studies. Before the primary heat transport system of a 
reactor can be shut down, it must be decontaminated to 
reduce worker exposure to radiation. With a view to its 
improvement, the decontamination process is always 
under constant scrutiny. Chemical Research continues 
its involvement by developing improved reagent 
destruction methods and processes for removing 
peroxide- and oxygen-based antimony. Fundamental 
work on inhibitor mechanisms continues, as does more 
specific study of inhibitors for use at Bruce NGS. 
Additionally, during the scheduled Pickering NGS 
outage, an inspection of the vacuum building was 
carried out. An inspection of access ladders, platforms, 
restraint frames, horizontal lifelines, concrete anchors, 
and roof seals was conducted. The inspection revealed 
these components to be in excellent condition, with 
only a few anchorages and a negative pressure 


containment line requiring replacement. 


Although much progress is being made toward 
understanding and managing age-related degradation 
of nuclear plant components, many issues require 
further understanding and further research and 
development (R&D). To aid the process, this year an 
integrated and comprehensive strategic plan on the 


subject has been prepared for CANDU Owners Group. 


19 


ivery 


ivi les 


| Act 


ivisiona 


no 
S 


Polymer-based organic materials have been successfully developed and applied 


in transmission line foundation construction at subfreezing temperatures. 


Hydro delivers the power produced by its 79 generating 
stations through a province-wide transmission and 
distribution network. The transmission system includes 
the transformer stations and other equipment that 
provide voltage regulation, switching facilities, and 
equipment protection. The delivery system is designed 
so that Hydro can manage fluctuations in power 
demand arising from adverse weather conditions, 


emergencies, and other unusual conditions. 


Several interdisciplinary research programs support 

the upgrading of existing lines and stations. The 
Corporation’s overhead transmission line refur- 
bishment program has high priority. Over 27 000 
circuit-km of transmission lines service the province. To 
ensure reliability, these lines, some of which have been 
in service since 1906, need upgrading. Through the 
refurbishment program, overhead ground wires are in 
the process of being systematically replaced through 
normal maintenance, and hardware and insulators are 
to be renewed. Aging towers, conductors, and concrete 
footings are additional components of the system that 
Research Division staff are assessing as part of the 
refurbishment program. Key achievements of this 
program are successful full-scale testing of towers in the 
field and the adaptation of a conductor corrosion 


device on lines up to 230 kV. 


The definition phase of studies to determine the 
potential for refurbishment of older overhead 
transmission lines and their components is complete. 
New data were provided on the useful lives of 
foundations, towers, hardware, and conductors. Line 
refurbishment is found to be primarily dependent on 
conductor condition, since other components can be 
maintained or replaced, many without interrupting 
service. The average life of a conductor is 
approximately 65 years, considerable differences being 
evidenced in clean versus polluted regions. A plan to 


begin refurbishment has been approved. 


A refurbishment rate of 400 circuit-km per year is 
necessary to eliminate conductors that exceed their 
forecast service life by the year 2010. Some lines 
requiring refurbishment are on narrow rights-of-way, 
which means the use of round stranded conductors 
would violate design practice. As a response, 
trapezoidal stranded conductors are being investigated 
to assess their reduced drag—and the corresponding 
reduced wind swing—which may allow their use on 


narrow rights-of-way. 


Atmospheric processes directly affect the reliability and 
service life of equipment. Transmission line corrosion, 
particularly of conductors and towers, caused by 
airborne corrosive gases and aerosols, are studied in the 
Chemical Research Department with a view to 
developing a pollution climatology index and an 
environmental corrosion index, both of which could be 
used when planning refurbishment. Work continues on 
developing techniques to monitor and forecast the 
critical atmospheric conditions that lead to insulator 


flashovers on 500-kV lines during freezing rain and fog. 


Reliable underground cabling is essential to a reliable 
delivery system. Reliability is affected by the 
degradation of polymeric cable insulation materials. 
The Chemical Research Department is establishing the 
mechanisms of polymer degradation and developing 
methods to assess their impact on service life. Civil 
Research is investigating the condition of thermal 
backfills in which old transmission cables are operating 
in Metropolitan Toronto. These projects will assist in 
planning the replacement or upgrading of aging cables 


and help ensure efficient operation. 


Polymer-based organic materials have been successfully 
developed and applied in transmission line foundation 
construction at subfreezing temperatures. Because of 
costs, these materials are restricted to special 
applications. However, an attempt is being made to 
develop a modified cement-based material that will set, 
cure, and achieve full strength at low temperatures 


without the need for winter precautions. 
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Work performed in the Conductor 
Dynamics Laboratory has improved the 
reliability of overhead transmission lines 
by reducing conductor damage 
attributable to vibration and fatigue. 


Power line carrier emissions from a 
transmission line are measured to 
determine the extent of interference to 
radionavigation beacons used by aircraft. 


Metallurgical Research is studying the benefits that may 
be reaped from the use of conductors with improved 
creep properties. Such conductors could eliminate the 
steel core required in currently used conductors. A 
program to establish the creep properties of aluminum 
alloys and to determine whether these properties can be 
improved through modification of their metallurgical 
structure is in progress. Line hardware performance 
could also be improved with the use of better materials; 
for these applications, metal matrix composites look 
attractive. A collaborative program with the Canada 
Centre for Mineral and Energy Technology (CANMET) 
is in place, the objective of which is to develop 


components with superior properties. 


Adverse weather conditions also wreak havoc on 
overhead transmission wires. Fibre-optic cored 
overhead ground wires (OPGW) are now being 
installed on all new transmission lines to build up a 
communications capability across the province. Designs 
of support hardware and different OPGW constructions 
are being subjected to fatigue cycles, 1.e., simulated 
aeolian vibration due to wind, to provide assurance of 


their long-term reliability. 


The transmission research program comprises only 
one-half of Ontario Hydro’s delivery program. 
Distribution research, the other side of the delivery 
coin, is focused primarily on the development of 
techniques to improve safety and reliability of the 


power system delivery network. 


A major portion of the delivery system consists of 
intricate distribution networks and the municipal 
utilities in the province. Since most power outages are 
caused by network failures (operating at voltages up to 
27 000 V), a substantial effort has been devoted to 
distribution reliability and maintenance safety. Asa 
result, the requirements for high-voltage fuses can be 
reduced by applying better fuse coordination 
guidelines. This change ultimately translates into 
savings of more than $1 million per year for the Ontario 
Hydro retail system alone. In addition, in situ 
transformer tests now under development will reduce 


the risk of transformer failure. 


A major concern in the distribution research area is the 
effect of Ontario’s often adverse weather conditions on 
power delivery. The delivery of power from generating 
stations to customers involves the use of a system that 
has to maintain reliable service in a hostile 
environment. This is generally taken for granted, but 
depends on the development of many technologies 
fundamental to a secure system. For example, the 
vibration of lines caused by wind and ice accumulation 
manifests in many forms, most of which cause fatigue 
damage to the conductor as well as other forms of 
damage to hardware and structures. Field trials of 
devices to control galloping of distribution lines and 
bundle conductor transmission lines are continuing in 
Ontario and in other provinces under the auspices of a 
Canadian Electrical Association (CEA) program. To 
date, results show that galloping amplitudes on several 
classes of line can be reduced 70 to 80 percent by the 
addition of detuning pendulums. 


The effects of lightning on the system are being studied 
to determine how best to cope with the hazards 
lightning creates. Additional sites have been selected 
to improve the efficiency of Ontario Hydro’s severe 
weather forecast and detection system (SWORD). 

This advanced system provides data that enables power 
system operators to make informed decisions about 
high-risk areas and to minimize allocation of the 
replacement energy required to ensure reliable system 
operation during storms. To that same end, 50 feeder 
event recorders and two station event recorder systems 
have been developed and installed to provide data 

on the effects of lightning on distribution systems. 
This work will lead to better distribution equipment 
and standards, making it cheaper and easier to deal 
with lightning problems and to provide better 
distribution reliability. 


The need for power system protection cannot be 
overstated. In the Electrical Research Department, a 
major innovation known as the programmable auxiliary 
logic controller/analog input module (PALC/AIM) 
system is a “universal” protection device that combines 
extreme versatility with ease of installation and 
application. Approximately 200 of these devices have 
already been installed. This move toward a new 
standardized approach to power system protection 

also lowers the cost of specifying, designing, and 


maintaining protection systems. In addition to 


providing new protection systems, devices have also 


been developed for monitoring and control. 


Eight power system disturbance recorders have been 
installed across Ontario to provide accurate monitoring 
of power system conditions following disturbances such 
as the sudden loss of a large generator. This 
information is crucial to enable system planners to 
specify the highest permitted operating limits possible 
without jeopardizing system stability. As well, the 
programmable synchrocheck relay adapted the 
synchronizing criteria to system operating conditions. 
The relay is an intelligent adaptive device that performs 
the “synchrocheck” function in transformer stations that 


have a variety of changeable configurations. 


The application of power system stabilizers to advanced 
digital excitation systems, purchased for power plant life 
extension, and improvements in the tuning of existing 
power system stability controls have helped to relieve 
system operating constraints. Enhanced protection of 
power system components has contributed to unit 
availability. An in-depth analysis of the surge protection 
of generators is being carried out by Electrical Research 
under an Electric Power Research Institute (EPRI) 
contract. The analysis has provided a firm basis for 
selection of the most economical and effective surge 
protection schemes. At the same time, models 
developed for generators, transformers, and other 
system components have allowed computer programs 
used for system security assessment to be more precise, 
thereby improving our ability to maximize capability of 


the existing system without sacrificing system security. 
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By transferring technology to customers, the Research Division ensures 
that electrical efficiency improvements are realized as quickly as possible 


in the marketplace. 


With seemingly endless discoveries of new applications 
for electricity, the public demand for energy continues 
to grow. Ontario Hydro is faced with the omnipresent 
threat of demand exceeding supply. Despite this 
pressure, the building of new facilities is being deferred 
while older facilities are being restored. Other 
strategies, however, exist to bring power demand in line 
with realistic supply options; one such strategy is 
Ontario Hydro’s demand management program, which 
is designed to help customers use less electricity more 


efficiently. 


The Research Division’s Utilization Program is part of 
the Corporation’s demand management strategy. By 
supporting the development of Energy Management 
Branch (EMB) programs and by transferring 
technology to customers, the Research Division ensures 
that electrical efficiency improvements are realized as 


quickly as possible in the marketplace. 


In the past 2 years, EMB has launched a number of 
demand management programs based on the 
developments of the Research Division. Electrically 
efficient heat pump technology has been a high profile 
mandate for both the Research Division and the 
Corporation; space heating and cooling account for 
approximately 34 percent of electricity use in the 
residential sector. Development and field testing of the 
burner-assisted heat pump, undertaken by the Division 
in cooperation with its manufacturer, revealed the 
benefits inherent in this unique system. Quickly making 
use of Research Division’s efforts, the Corporation 
advocated the transfer of the heat pump to its 
residential customers by offering a Corporate subsidy 
twice the amount of that offered for any other air 
source heat pump. Similarly, Ontario Hydro’s 
promotion of ground source heat pumps resulted from 
province-wide field testing conducted by the Research 
Division. Ground source heat pump technology 
continues to advance; the pump’s heat extraction and 
delivery system is being refined with the help of Civil 
Research’s expert understanding of the ground’s 
thermomechanical response. In support of the 


program, a further study is being done for the Canadian 


Earth Energy Association. The study is exploring the 
phenomenon of ground ice formation, which could 


interfere with efficient operation of the pump. 


The Research Division’s Utilization Program 
contributions are by no means limited to heat pump 
technology. Research and development in the areas of 
water heating, building heat loss reduction, and 
appliance technology can result in extensive energy 
savings; consequently, this work has featured in the 
development of numerous demand management 
programs aimed specifically at the residential sector. 
For example, laboratory evaluation of the effects of 
insulation blankets and showerheads formed the 
technical basis for Ontario Hydro’s recent “Water 
Heater Tune-Up” and “April Showers” promotions. 
Other EMB programs and pilots that have received 
considerable assistance from the Research Division 
include the window retrofit and basement upgrade 
programs, the “1000 House Study”, and the 


“Laundering for Less” campaign. 


Since 1982, over 130 companies have been involved in 
EMB’s “Research Assistance Program”, which transfers 
Research Division technology and provides technical 
support to Ontario industry. Ivex Industries is one 
satisfied customer; the company now employs infrared 
preheating of plastic film, a low capital cost retrofit that 
increased productivity by 25 percent and obviated the 
need for an expensive new production facility. In 
addition, the installation of a heat recovery heat pump 
at Casco Industries resulted in reduced energy 
consumption (equivalent to savings of $64 000 per year) 
and merited a Canadian Electrical Association (CEA) 
energy efficiency award. Because recent statistics 
indicate that motors accounted for 73 percent of the 
industrial sector’s electricity consumption, Hydro is 
targeting the promotion of high-efficiency and variable- 
speed motors and drives. To that end, a prototype 
portable motor-efficiency measurement system was 


developed by Mechanical Research specifically for EMB. 
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Past successes in the industrial “Research Assistance 
Program” guarantee a continued demand for research 
and development of energy-efficient technologies. 
Currently being investigated is the application of laser 


welding of copper in the computer industry. 


The recent efforts of the Chemical Research 
Department have centred on an electrochemical testing 
and development facility (ETDF) commissioned this 
year. The facility is used to develop processes and to 
test electrodes on scales that will permit direct 
comparisons of commercial scale operations. The 
ETDF also evaluates chemical unit operations that 


industries could use to reduce electricity consumption. 


It is a simple but accurate equation: efficient utilization 
of electricity directly translates into benefits to the 
environment. For example, a successful demand 
management program will reduce the consumption of 
fuels that can be harmful to the environment. This 
equation has been tested and proven by the recent work 
done at the Division. In an effort to improve the 
productivity of the metals- and minerals-producing 
industry, a process metallurgy project was initiated 3 
years ago. The centrepiece of the project is a flexible 
electric furnace facility that, when used in collaboration 
with industry, optimizes electrical energy efficiency in 
metallurgical processes. Carried out with Falconbridge 
Limited, the first project involved developing an energy- 
efficient smelting method that ensured the compliance 
of Falconbridge’s sulphur dioxide emissions with 


provincial government guidelines. 


Work in the area of microwave technology continues. 
Commercial microwave equipment, boasting both high 
efficiency and lower maintenance costs, continues to 
be introduced to Ontario industry. The transfer of 
efficient microwave technology to industry is also 
advantageous to the environment; for example, 
microwave regeneration of activated charcoal allows 
the dry cleaning industry to recycle filters rather than 


consign them to landfill. 


When demand and supply diverge, Ontario Hydro is 
faced with two options: creating more supply or 
reducing demand. The Research Division is strongly 
supporting the latter option and helping to reduce the 
effect of Hydro’s operation on the environment, a 


contribution that cannot be minimized. 


A novel high-performance water 
heater was developed to provide twice 
as much hot water, scald protection, 
and improved water quality as a 
conventional water heater. Significant 
demand management benefits will be 
achieved through widespread use. 
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In the area of environmental research and development 
(R&D), the Division supports Corporate efforts to assess 
the impact of its current and planned activities and to 
control emissions and wastes by the provision of new 
scientific knowledge and technologies. Additionally, 
technical support is given to different parts of the 
Corporation to allow the fulfillment of specific 
environmental goals. In 1990, a major activity was a 
review and a reorientation of the Division’s research 
program on environmental impacts to ensure that issues 


of pressing public concern were being appropriately 
addressed. 


There has been a steady and significant increase in 
public and government awareness of environmental 
concerns, particularly as they relate to human health. 
It is vital that Ontario Hydro test the truth of the 
assumption that exposure to electromagnetic fields is 
safe. Public concern has turned this into a major issue 
that impacts on Hydro’s ability to construct new power 
lines. As a response, the Corporation has initiated an 
Electric and Magnetic Fields Risk Assessment Program 
(EMFRAP), which is determining the effects, if any, of 
public and occupational exposure to low-frequency 
magnetic fields. In addition to participating in the 
EMFRAP, the Chemical and Electrical Research 
Departments have initiated a long-term program in 
cooperation with academic institutions to investigate 
the interactions of electric and magnetic fields with 
biological systems and the biological responses of these 
fields. The objective is to gain the fundamental 


information needed to resolve the issue. 


A recently completed rodent study showed no harmful 
effects of magnetic fields from computer screens, 
thereby casting serious doubts on earlier reports from 
Europe. Co-funded with IBM and carried out with the 
University of Toronto, this extensive study made use of 
special exposure facilities developed at the Research 
Division. The collaborative project and subsequent 
power-frequency research have contributed much to the 
Corporation’s credibility in approaching the issue of 
public concern about the effects of magnetic and 


electric fields. 


Environmental assessment (EA) requires would-be users 
of the ecosystem to assure the public that their 
proposals will not adversely affect the interests of future 
generations. The environmental effects of constructing 
and operating a generating facility are many. The 
Research Division is working to improve the ability of 
the EA process to protect the environment by providing 
better tools and more detailed knowledge with which to 


carry out the evaluation. 


For example, current work involving radiotelemetry and 
sonar techniques can improve the efficiency of field 
studies on fish movement and population dynamics. 
Ways of studying the cumulative and cascading 
environmental effects of multiple hydraulic stations on 
river systems are being investigated; once understood, 


these effects can be prevented or mitigated. 


Other research focuses on those contaminants 
principally associated with Ontario Hydro’s activities. 
Research into oxidation rates of elemental tritium in 
the environment, uptake of radiocesium by fish, 
verification of atmospheric dispersion models, the role 
of NO, emissions in regional ozone concentrations, and 
pollutant migration through soils are all examples of 
work in this area. Results are used in planning new 
facilities, developing operating strategies, and 
responding to and complying with government 
regulations; they also provide early indications of areas 
in which further R&D is needed for development of 


control technologies. 


Chemicals used by the Corporation are a concern. The 
Corporation’s goal of eventual elimination of herbicide 
use has significant ramifications for vegetation control 
on transmission and distribution rights-of-way. R&D is 
seeking alternatives to the expensive and hazardous 
manual and mechanical cutting techniques currently in 
use, with most effort being focused on the concept of 
natural “cover crops” that retard invasion of woody 
growth. In a related project, the environmental risk of 
the effective wood preservative pentachlorophenol is 
being assessed. A joint effort with universities is 
concentrating on the development of a leaching and 
biodegradation process for the disposal of penta- 


preserved poles. 
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Management of PCBs is being tackled head on at the Research Division, and 


compliance with Ministry of the Environment regulations can now be ensured. 


Another unwanted by-product of power generation that 
has direct environmental effects is the audible noise 
produced by large station transformers and implosive 
conductor connectors. To ensure that environmental 
criteria governing sound emission levels are met, sound 
levels are monitored and, where appropriate, effective 
and economical sound-proof enclosures are being 


designed. 


The Chemical Research Department is involved in the 
reduction of SO, and NO, emissions. It reviews the 
limestone dual alkali (LSDA) absorber design and 
investigates the chemistry of the limestone regeneration 
process in a mini-pilot plant. Additionally, NOx control 
and gypsum production from the limestone slurry and 
LSDA processes are being studied. Chemical Research 
also provides assistance for a planned demonstration of 
NO, control through urea injection. Control of NO, by 
means of reburning or staged combustion is also under 
evaluation for the Canadian Electrical Association 
(CEA). Meanwhile, the SONOX process that was 
developed by the Chemical Research Department has 
been accepted by Research-Cottrell for 
commercialization. The company is planning a number 


of full-scale demonstrations. 


Management of PCBs is being tackled head-on by the 
Research Division. The Corporate PCB Destruction 
Task Force is chaired within the Chemical Research 
Department; the strategy developed includes a major 
research program on chemical destruction processes. 
Other work includes support and advice regarding a 
Corporate demonstration of capacitor retrofilling, on- 
site monitoring of out-of-province PCB incineration 
tests, and development of a better on-site PCB analysis 
technique. Compliance with Ministry of the 


Environment regulations can be ensured. 


Due to increasingly stringent requirements for 
Ontario Hydro’s coal ash disposal, the Civil Research 
Department is exploring economical and 
environmentally preferred techniques for ash 
management. Efforts include laboratory and field 
testing, as well as computer modelling. Static and 
dynamic leaching methods were developed for testing 
of fly ash from the Lambton and Nanticoke TGSs in 
order to ensure that no groundwater contamination 
occurs at these fly ash disposal sites. In an ongoing 
project, Ontario Hydro has successfully used large 
volumes of fly ash in structural fills, highway 
embankments, road base backfills, and land 
reclamation. In addition, the ash has been used for 
cement replacement in concrete and in the 
manufacture of cement and concrete products. The 
Civil Research Department continues to search for 


innovative fly ash utilization options. 


Because nuclear generation will be an important supply 
option in the next century, nuclear waste is a significant 
public concern. The Civil Research Department has 
collaborated with the Mechanical Research Department 
in the development of the dry storage container (DSC) 
for the proposed irradiated fuel management system. 
The container, which has been designed to isolate 
irradiated fuel for a minimum of 500 years under 
conditions anticipated in a disposal vault constructed in 
plutonic rock, is featured as this year’s Significant 
Research Contribution (see inside back cover). In 
support of this project, automated container welding 
and remote nondestructive inspection techniques are 
concurrently being developed by Metallurgical Research 
staff. Yet another project is characterizing operating 
wastes, developing waste volume reduction 
technologies, and determining waste performance 


under extended storage conditions. 
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To ensure the reliability and safety of 
future used fuel depositories, extensive 
testing is being carried out in the 
Underground Research Laboratory 

at Pinawa. 


A major multidisciplinary study of ways 
to combat the effects of the zebra mussel 
invasion of Ontario Hydro's freshwater 
cooling systems is well underway. 


Whereas the public is rightly concerned about the 
effects of Ontario Hydro’s operations on the 
environment, it should also recognize that, on a daily 
basis, the Corporation must cope with factors within the 
environment itself that make the reliable delivery of 
power difficult. For example, a patented “SKRAM 
fishpulser”, an acoustic device developed by Research 
Division for controlling the movement of fish in the 
vicinity of generating facilities, is now being 


manufactured under licence for use by utilities and 


other organizations. Similarly, a major multidisciplinary 


study of ways to combat the effects of the zebra mussel 
invasion of Ontario Hydro’s freshwater cooling systems 
is underway. Recent work shows that thermal and 
acoustic shock treatments may provide an 


environmentally friendly defense against the organism. 


The harsh effects of climate and weather conditions on 
the transmission system, which result in degradation 
and corrosion, must be addressed to ensure reliable 
supply of energy. Projects that respond to this need are 
further addressed in the sections on the Delivery and 


Generation Programs. 
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The Divisional Projects Department (DPD) provides an 
interface between Research staff and groups internal 
and external to the Corporation. New technology 
initiatives, research management studies, and research 


business support comprise DPD’s major products. 


The Research Division seeks to leverage its resources 
and effectiveness by collaborating with external 
organizations. As part of this effort, departmental staff 
involved in new technology exert strong influences on 
Canadian universities and industrial research and 
development (R&D). The Division influences external 
organizations through the acceptance by Research 
Division staff of adjunct professorships at local 
universities and memberships on industrial advisory 
councils, such as the Canadian University-Industry 
Council for Advanced Ceramics, the Ontario Centre for 
Materials Research, and the Centre of Excellence in 
Laser and Lightwave Research. Also, DPD staff sit on 
Natural Sciences and Engineering Research Council 
committees and help direct and focus university 


curricula through council memberships. 


To afford the Research Division greater flexibility in 
carrying out its mandate, Divisional Projects is 
committed to increasing the base of R&D expertise 
outside the Corporation. In support of Corporate long- 
range research, the Department organizes the annual 
Director’s Fund competition and manages the Fund’s 
eight ongoing projects. One Director’s Fund program 
deals with the greenhouse effect and its impact on 
Ontario. Novel analysis of 100 years of weather data 
consistently shows that weather patterns have changed 


only over the past decade. 


Divisional Projects looks at new energy technologies and 
assesses the viability of leading-edge discoveries, such as 
those relating to fusion and fuel cells, The Department 
also examines the information the Corporation needs 
before investing in devices such as large-scale 
combustion turbines and integrated gasification 
combined cycle (IGCC) turbines. With Ontario’s major 
metals producers, the Department also plays a role in 
making energy utilization more effective, This work 
involves investigating current operations and future 
plans of metals producers and then evaluating whether 
these operations could be rendered more energy 
efficient. The results are collaborative research and 


paper studies. 


A major area of study is looking at using oxygen to 
increase productivity and using electric arc furnaces for 
scrap melting. DPD is investigating ways to test and 
improve the effectiveness of Ontario Hydro’s demand 
management efforts. Studies look at how residential 
customers perceive demand management options and 
determine which technologies are most acceptable to 


these customers. 


Divisional Projects coordinates the production of the 
Research Division’s 10-year business plan, which 
communicates future plans to senior management and 
provides direction to Divisional staff for detailed work 
planning. To support the Division’s strategy-setting and 
business-planning activities, technology-forecasting 
activities are undertaken. Long-range planning 
forecasts are provided biennially for the strategy-setting 
and planning process. Forecasts are conducted to 
explore the probable development of specific 
technologies. Recent forecasts included assessing the 
impact of advanced industrial materials and high- 


temperature superconductors on Ontario Hydro. 


One departmental responsibility is to identify 
opportunities to improve research management. 

The identification and reporting of “notable 
accomplishments” falls into this area. Notable 
accomplishments are R&D projects of significant benefit 
to the Corporation, to the customers of Ontario Hydro, 
or to some identifiable third party. Such reports are 
produced every 5 years and clearly demonstrate that the 
benefits provided by the Research Division significantly 


exceed its costs for that 5-year period. 


Divisional Projects also carries out the very important 
Directorate support function, which includes general 
responsibilities such as assisting the Director with 
presentations and senior management meetings and, 
more specifically in 1990, with initiatives such as the 


modernization of the auditorium. 


The Research Division Awards Program is the central 
means of fostering and rewarding excellence within the 
Division. DPD calls for nominations, orchestrates the 
selection process, and arranges the facilities for the 


presentation ceremony, which is usually held off-site. 
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Supporting research at local universities 
allows sharing of their sometimes unique 
capabilities and also encourages 
promising scientists to enter industrial 
research careers. 


The Department continues to provide support in the 
area of external contracts. Activities include acting as 
liaison with Law and New Business Ventures Divisions; 
developing contracts and agreements and handling 
proposal requests; and producing and monitoring 
financial information. In a similar vein, patents are 
becoming a most important aspect of the Corporation’s 
business; DPD has taken a leading role on the Patent 
Advisory Committee, thereby becoming a focal point for 
information on the patent process for the Division. In 
support of this external contract function, DPD 
monitors external publications for contracting 
opportunities. In addition, it maintains and updates 
information on the Division’s capabilities in a number 


of externally-based databases. 


Staff are also involved in the technical communications 
field. Perhaps the most important communication is 
the Research Division Annual. Research Publications 
Office staff write and assemble the text and coordinate 
the editorial activities, artwork, and printing. Another 
significant publication is the Services and Capabilities 
brochure, which describes the Division’s R&D 
capabilities. This brochure is used extensively by other 
branches of Ontario Hydro in support of their 
marketing activities. The most recent publication, Focus 
on R&D, will be used as a guide for new employees and 
visitors to the Division. The publication offers a 
descriptive divisional overview. Chit Chat, the divisional 
newsletter, continues to play an important role in 
enhancing communication and boosting morale. 
Desktop publishing capabilities have enhanced the 
quality and significantly reduced the cost of all 
publications. These high-calibre communications have 
won a number of awards from organizations specializing 
in industrial technical communications. Finally, a 
report database, which has been under development for 
some time, is now functional; plans to transfer it to the 


ICE network have been initiated. 


In addition to producing written communications, 
Divisional Projects is involved in the production of 
videos that describe the Division’s activities. One such 
video, for visitors and new staff, has been produced this 
year, and another, which deals with the contribution of 
Ontario Hydro and the Research Division to the growth 


of Ontario, is in the early stages of production. 
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The Divisional Services Department continues to 
provide excellent service to the Research Division. 
This year, the services offered included business 
administration; financial reporting; payroll; records, 
space, and safety management; printing and clerical 
services; report production; model shop production; 
drafting; and photography. Additionally, significant 
strides have been made in the Integrated Computing 


Environment (ICE) project. 


To enhance its specialized machining and prototyping 
capabilities, the Model Shop continues to upgrade 
equipment. From an equipment standpoint, efficient 
prototyping relies on a quick and accurate 
measurement capability. Versatile computerized 
numerical control (CNC) machines significantly help to 
achieve this end. A CNG milling machine, a CNC lathe, 
and two servo-positioning precision milling machines 
now complement standard machinery. The remaining 
non-numerical control milling machines and lathes are 


equipped with digital readouts on all axes. 


From a design standpoint, shop personnel apply sound 
engineering practice and materials selection. Much of 
the Model Shop’s work requires meeting the stringent 
requirements of clients that include CANDU Owners 
Group, Canadian Electrical Association, and Electric 
Power Research Institute. When submitting preliminary 
drawings, the customer has an opportunity to discuss 
optimized datum referencing, practical geometric 
dimensioning and tolerancing, and other cost-saving 
design considerations. Customers are further 
encouraged to test concepts quickly and imaginatively 
through simple prototype trials. In this way, clients can 
investigate isolated design alternatives and more quickly 


reach a final request with resultant savings on projects. 


The ICE Section is responsible for providing computer 
and communications support to Research Division staff, 
who now use a site-wide local area network to improve 
productivity. Specific support areas provided by ICE 
include technical computing, computer 
communications, consultation, hardware /software 
support, and general problem solving. Network services 
include a central network computer server dedicated to 
“number crunching” applications, shared disk storage 
space where commonly required business/technical 
software applications reside, shared network printers 


providing report quality output, electronic mail services, 


and network delivery of commercial, technical, and 
business database services on compact disk. This array 
of services promises to evolve to meet future client 
needs and new business goals. Combined with 
telephone answering and voice mail services, the ICE 


network is enhancing Divisional productivity. 


The Drafting Section provides the Division with the best 
in illustration, design, and consultation for reports, 
presentations, and publications. Consistency, precision, 
and innovation each play an important role in customer 
satisfaction, and the office has maintained a high level 
of service through extensive use of MAC II technology. 
A TEKTRONIX colour printer has added a new 
dimension to artwork and visual displays. High-quality 
technical illustrations and posters, one of which won an 
achievement award from the Society for Technical 


Communication, are a hallmark of the Drafting Section. 


The Photographic Services Section has had another 
challenging year. Contributions to major publications 
included the 1989 Research Annual Report, the 1989/1990 
Canadian Fusion Fuels Technology Program Annual Report, 
the 1989 New Business Ventures Annual Report, the 1989 
Report to Employees, and Equinox. Video productions 
included Remote Robotic Weld Inspection (a Research 
Division production), Workplace Hazardous Materials 
Information System (WHMIS), a video training program 
(a Research Division production), and CFFTP - 
Canadian Fusion Fuels Technology Program (a CFFTP 
production). Investigation into a PC-based package that 
will greatly improve the storage and retrieval of all film 


and tape images is underway. 


The Business Administration Section continues to 
operate at full capacity, with ongoing and new activities 
that utilize all staff resources. The Records 
Management program continues to evolve. In addition 
to the conversion of administrative files in the Division’s 
various departments to the Corporate General Subject 
Index, summer students have played a key role in 
reviewing mountains of inactive files from Central 
Records. The Accounting Unit inherited additional 
responsibilities with the decentralization of the accounts 
receivable / billing activities from Corporate Accounting, 
The Unit will now be responsible for issuing 
approximately 500 to 600 invoices per year and for 


following up to ensure that payment is received. 
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The Integrated Computing Environment 
Project Group supports the technical and 
administrative computing requirements 
of Research Division staff. 


In addition to administering expense 
reports, the Business Administration 
Section provides accounting, records 
management, and printing services to 
Research Division. 


Information Management’s commitment to providing 
secretarial and telecommunications support to the 
Division is unwavering. The Word Processing Centre 
provides a relief service by filling secretarial positions in 
the Division. Additionally, short-term clerical and filing 


help can be provided as required. 


The Health & Safety Section ensures that line 
management provides a healthy and safe work 
environment. It also provides guidance to the technical 
sections on environmental matters relating to laboratory 
waste disposal, spill control, transportation of dangerous 
goods, and releases of hazardous substances into the 
environment. Legislative pressure and Corporate 
obligations nave raised issues related to hazardous 
material management. Substantial departmental effort 
was directed at ensuring compliance with WHMIS 
legislation. To date, all chemicals in the Division have 
been inventoried and all laboratories have WHMIS 
boards and supplier material safety data sheets in place, 
as well as a set of workplace labels prepared for 
chemical containers. All Research staff have received 
WHMIS training, and a video-based training program 1s 


being completed for future use. 


Considerable effort was spent to ensure the Division’s 
compliance with the Corporate Code of Practice on 
Accident and Incident Reporting. Several incidents 
with medium and high potential for harm were 
investigated. Other major activities carried out by the 
Health & Safety Section were the initiation of hazard 
identification training, respiratory protection training, 


and workplace inspections. 
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Ontario Hydro’s complex operation involves 
management systems and procedures, data and 
information handling, and equipment and materials. 
The Operations Research (OR) Department tackles 
these problems daily with a full range of mathematical 
and computational methodologies. The Department is 
one of the most active and effective industrial OR 


groups in North America. 


In 1990, OR’s client base and its range of services 
expanded. Services varied from informal consultations 
and short presentations to large-scale projects and 
tailor-made courses and seminars. The Operations & 
Decision Analysis Section employs sophisticated 
analytical methods to support Ontario Hydro’s 
generation activities. Recently developed probabilistic 
performance models allow study of the effect of 
equipment maintenance on thermal station outage. At 
the request of Thermal Generation Division, the Section 
is examining the operating and outage data of coal 
pulverizers. Failure and downtime distributions are 
being developed for exploring alternative maintenance 
strategies. Once tested, the resultant model will be 
adapted to air and gas systems, generators, turbines, and 


other equipment. 


Mathematical models are employed to improve 
hydraulic generation efficiency. A model was developed 
for optimizing the allocation of water to various 
generating units in hydraulic stations. The model’s 
potential for increasing hydraulic output was 
demonstrated at the R.H. Saunders GS using historical 


data. In a simulation study carried out for the month of 


January 1989, the model produced 641 MWh of 


additional energy. If applied to all hydraulic stations, 
the increase in energy production could be substantial. 
A pilot expert system for improving nuclear fuelling has 
been completed, and a production version of the system 


is being contemplated. 


All these models and systems may expand energy output 
at lower costs. Examples include risk analysis in support 
of turbine blade replacement and decision analysis of 
alternatives for design and construction management 


systems. 


Given the Corporation’s need to exercise financial 
restraint, novel approaches must be applied to enhance 


management effectiveness. To that end, projects are 


underway to develop performance indicators for 
supplying materials to two nuclear generating stations 
and to creating a manpower planning model for 
electrical inspection. In addition, Energy Management 
Branch (EMB) receives analytical support for its 
demand management mandate. EMB must reduce 
energy consumption by promoting end-use technology. 
The Operations & Decision Analysis Section assisted in 
prioritization and trade-off analysis of EMB programs 
and developed user-friendly models and databases for 
the efficient storage, retrieval, and analysis of 


information. 


The environment is a high-profile issue at Ontario 
Hydro. The Department provides technical support to 
the environmental program through mathematical 
modelling and applications of information technology. 
A computerized emission reporting system has been 
developed to meet the Ministry of Environment’s 
Municipal and Industrial Strategy for Abatement 
(MISA) requirements along with models to assess the 


environmental impact of Hydro’s operations. 


Accurate reliability predictions for power systems and 
their constituent parts comprise a most important 
engineering task. The Reliability Unit is at the forefront 
of a worldwide effort to develop more advanced tools. 
Production Branch requested deterministic and 
stochastic modelling of river inflow forecasts to optimize 
energy production from hydraulic generating stations. 
This year an important research project to develop a 
probabilistic approach to the dynamic stability and 
security of power systems was initiated. This approach is 
to be combined with existing techniques to provide a 


more complete reliability methodology. 


Through publications and participation on committees 
and in conferences, the Reliability Unit enhances its 
international reputation. This year, staff participated in 
a number of international activities and served on an 
Institute of Electrical and Electronics Engineers 
committee. Members of the Unit provide an advisory 
function to several Electric Power Research Institute 


projects. 


Selection and analysis of data for technical or 
management studies often appear straightforward. 
However, when data are scarce, interrelated, dispersed, 


or even contradictory, drawing valid conclusions 
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A group of statistical consultants engage 
in discussion, but there will be consensus 
before the report goes out. 


Neural network technology is being used 
to solve a variety of pattern recognition 
and signal processing problems. 


requires the advanced statistical analysis offered by the 
Statistical Methods & Analysis Unit. Studies in 1990 
included probabilistic modelling of crack initiation in 
pressure tubes; analysis of public opinion questionnaires 
for the Demand/Supply Plan; and comparison of 
performance indices of system protection devices. 
Additionally, the Unit assisted Hydro in preparing 
statistical forecasting models for the Ontario Energy 


Board hearings. 


At the request of the Nuclear Generating Division, the 
Statistical Methods & Analysis Unit studied the 
relationship between the operating expenditure and 
performance of a CANDU reactor. A probabilistic 
model relating the capability factor (CbF) to operation, 
maintenance, and administration (OM&A) spending 
was developed. It was found that reactor aging 
necessitates higher OM&A spending, and that 
increasing OM&A spending can improve CbF 
performance in diminishing increments. This model 
has been adapted to reactors in the United States and 


used to help set public utility rates. 


Recent advances in computer and information 
technology, particularly in the areas of artificial 
intelligence and database management, presented the 
OR Department with new challenges; in 1990, the 
Advanced Computational Methods Unit was created to 
meet these challenges. The Unit is devising a system for 
the creation, maintenance, and use of hypertext 
applications. Neural network technology will be used to 
investigate several pattern recognition and signal 
processing problems, including the analysis of 
hydroacoustic sonar signals to identify and speciate fish 
and the interpretation of acoustic signals obtained from 
monitoring loose parts in the primary heat transport 


system of CANDU systems. 


Externally, the OR Department continues to be involved 
with universities, professional associations, and research 
institutes. Staff hold adjunct professorships and serve as 
executives or committee members with international 


professional societies or research granting agencies. 
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Departmental Overviews 


Chemical Research Department 


The Chemical Research Department provides the 
Corporation with a technical resource that includes 
process and materials chemistry, corrosion chemistry, 
chemical analysis, biology, and environmental science. 
The areas of interest and expertise in the Department 
are wide and reflect the diverse chemical aspects of 
modern power generation. Specialized experimental 
facilities and state-of-the-art instrumentation for 
measuring and analyzing experimental parameters are 
used in departmental investigations. Comprehensive 
chemical analytical services, which support the research 
programs of the Division as well as the Corporation, are 
also offered. Work ranges from routine testing to 
research and development contributions that advance 
knowledge throughout the field. The Department is 


divided into six sections. 


Civil Research Department 


The Civil Research Department has been a leader in 
civil engineering technology for over seven decades. 
Departmental expertise, which includes key areas such 
as concrete technology and quality assurance, provides 
vital support in the construction of new facilities. 
Specialized geotechnical engineering support is also 
provided to the Division and the Corporation. Research 
and development projects have ranged in time and 
scope from the construction of Ontario Hydro’s early 
hydraulic stations to the construction of a modern 
world-class power project, the Darlington Nuclear 
Generating Station. The Department also provides 
research, development, testing, and inspection services 
in all aspects of soil and rock sciences for both Ontario 
Hydro and external clients. Researchers are involved in 
developing and promoting the application of improved 
materials and practices for the civil discipline. The 


Department is divided into three sections. 


Divisional Projects Department 

The Divisional Projects Department creates and 
maintains connections between various groups within 
the Division, within the Corporation, and external to 
the Corporation. The Department is engaged in two 
major areas of work, as follows: (1) interdisciplinary 
research, which includes external research projects and 
the Director’s Fund projects and (2) research 
management, which includes technology forecasting, 
business support, research management support, 


directorate support, and research publications. 


Divisional Services Department 


The Divisional Services Department is responsible for 
providing a variety of clerical and technical services to 
the engineering and scientific departments within the 
Research Division. Emphasis is placed on meeting the 
operating and business needs of the Division effectively 
and efficiently and on ensuring reliable functional and 
administrative support for Division staff. Services 
offered include report production; business 
administration; financial reporting; records, space, and 
safety management, printing and clerical services; 
model shop production; drafting; photography; payroll; 
and computer communication support. The 


Department has eight diversified sections. 
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Electrical Research Department 


The Electrical Research Department performs research, 
development, and testing for the Corporation and 
provides technical expertise in the broad areas of power 
system technology, power equipment, electronics, 
communications, and demand management 
techniques. The Department strives to improve the 
production, transmission, distribution, and utilization of 
electricity. Selected areas of the natural sciences and 
nuclear engineering are researched, and environmental 
studies related to the transmission and distribution of 
power are conducted. The Department performs 
technical studies that relate to renewable energy 
sources and energy conservation. Researchers forecast 
and fulfill needs for new technology, innovation, and 
technical expertise to solve problems on the power 
system and for customers of the Corporation. 

In its programs, the Department cooperates with 
external organizations in the solution of problems 
common to electric utilities. Electrical Research 


comprises seven sections. 


Mechanical Research Department 


The Mechanical Research Department provides 
research and development resources and experimental 
and specialized testing facilities in the mechanical 
discipline. The Department’s mission is to improve the 
performance, reliability, and safety of materials, 
components, and processes used in the generation and 
transmission of electricity and energy. To verify safe 
and reliable behaviour of equipment, structures, and 
components, both modelling and full-scale tests are 
used. The Department also plays a leading role in 
coordinating the Research Division’s contribution to 
developing methods of dealing with containment and 
immobilization of used fuel. It also concentrates on 
developing safe methods to store, transport, and 
ultimately dispose of high- and low-level nuclear wastes. 
Staff have earned an international reputation for 
extensive, leading-edge research in fall protection and 
the development of fall protection systems. Mechanical 


Research is divided into four sections. 


Metallurgical Research Department 


The Metallurgical Research Department provides 
research, development, technical services, and 
specialized testing facilities in the disciplines of physical 
metallurgy, process metallurgy, and materials science. 
The overall thrust of these activities is to ensure a safe 
and reliable supply of electrical energy and to improve 
the efficiency of its utilization. In pursuit of these goals, 
the Department deals with characteristics of materials 
performance and with correlation of both design intent 
and actual service behaviour. The majority of the 
Department’s work program is focused toward support 
of CANDU technology and toward ensuring the 
reliability of Ontario Hydro’s nuclear and coal-burning 
plants. At the same time, recognition is given to issues 
that impact on economic, environmental, and demand 
management. The Metallurgical Research Department 


is composed of five sections. 


Operations Research Department 


The Operations Research Department provides 
consulting services to all units of Ontario Hydro in the 
fields of operations research, mathematics, and 
statistics. Members of the Department organize courses, 
workshops, and seminars in all of these disciplines. The 
Department simultaneously carries out research in 
power system reliability. Always ready to offer applied 
research support when unusual and complex 
operational and strategic issues arise, staff use a full 
range of state-of-the-art mathematical and 
computational methodologies to arrive at workable 
solutions. Queries run the gamut from those related to 
management systems and procedures, through those 
concerning data and information handling, to problems 
related to equipment and materials. The Department is 


composed of one section and three units. 


Awards and Achievements 


co 
aD 


Mike Bell (Electrical Research) was elected to the 
Advisory Board of the International Heat Pump Centre 
of the International Energy Agency. The Board guides 
the activities of the Centre, which is located at NOVEM 
in the Netherlands. Mike represents the International 
Power Utility Heat Pump Committee and provides the 


Centre with the electric utility perspective. 


Steve Oda and Ibrahim Balbaa (Electrical Research) 
received the 1990 Canadian Committee on 
Electrotechnologies (CCE) Innovation Award. The 
award was presented for their development of a hybrid 
microwave-electric resistance kiln to process advanced 
ceramics. Steve was also elected to the Board of 
Governors of the International Microwave Power 
Institute (IMPI) in recognition of the Utilization 
Section’s involvement in industrial microwave and 


radiofrequency heating applications. 


Maier Perlman (Electrical Research) was nominated a 
Fellow of the American Society of Heating, 
Refrigerating, and Air-Conditioning Engineers 
(ASHRAE). ASHRAE is one of the largest international 
engineering societies with over 50 000 members. Maier 
served for 3 years as chairman of an ASHRAE technical 


committee (service water heating). 


The Canadian Industrial Laser Association (CILA) has 
instituted elections, which resulted in Jim O’Neill 
(Electrical Research) being acclaimed President and 
Len Mannik (Electrical Research) being elected to its 


Board of Directors. 


Richard Sauvé and Jim Tulk (Mechanical Research) 
were awarded a New Technology Award for their 
contribution to the development of a Tritiated Heavy 
Water Transport System. Richard was involved in the 
analysis and design of the new transport system, and Jim 
conducted licensing drop tests to verify the system’s 


structural performance under impact conditions, 


Nayan Shah and Robert Zane (Mechanical Research) 
received a Director’s Award for their development of a 
rocket-assisted impact system for impact testing of 
radioactive waste transportation containers. The system 
successfully simulated a collision between a locomotive 
travelling at 65 mph and the proposed irradiated fuel 
transport container (IFTC). 


Jim Tulk and Dimitrios Taralis (Mechanical Research) 
and PK Mukherjee and Jim Sato (Civil Research) were 
awarded a New Technology Award for their 
contribution to the development of the dry storage 
container (DSC) for the dry storage of nuclear fuel. 


Savings to Hydro total over $80 million in capital costs. 


In recognition of his work on conductor galloping and 
other forms of line vibration, Dave Havard was selected 
as secretary of a CIGRE (Conference on Large Electrical 
Systems) study committee (overhead lines), and of a 
working group (mechanical behaviour of conductors 
and fittings). CIGRE is the leading technical 
organization that promotes exchange of information on 


electrical power systems research. 


Mat Cenanovic (Electrical Research) accepted an 
appointment as an Adjunct Associate Professor of 
Electrical Engineering at ihe University of Windsor for 
the period September 1, 1990 to August 31, 1993. His 
responsibilities will include research, development, and 
transfer of novel electromagnetic technologies to 
industry through the cooperation of Ontario Hydro, the 
University of Windsor, and industry. 


George Anders (Electrical Research) received a New 
Technology Award for his contribution to the 
development of advanced optimizing techniques for 
power cable system design and operation. These 
techniques were embedded in a set of user-friendly 
cable analysis programs (CAP). CAP is a package of five 
software programs that analyzes steady state and 


transient behaviour of electric power cables. 


Bert Vanderglas and Doug Scarth (Metallurgical 
Research) won a New Technology Award for 
contributing to the development of a leak-before-break 
technology for CANDU piping systems. The technology 
was applied to the design of Darlington’s heat transport 
system. As a result, safety requirements relating to 
catastrophic failure of large diameter piping can be met 
more economically. In February 1990, the Atomic 
Energy Control Board (AECB) approved the design for 
use at Darlington NGS Unit 2. 
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Gary Ford and Mark Vainberg (Electrical Research) 
received a New Technology Award for contributing to 
the development of probabilistic methods and 
computer programs for use in transmission station 
design assessments. These methods make it possible to 
show that a higher short circuit capability exists at some 


older stations than was originally believed. 


The 1989 Research Division W.P. Dobson Award was 
awarded to Chris Cheh and Ron Massey (Chemical 
Research) for their contribution to the development 
and implementation of a gas chromatographic method 
for separating hydrogen isotopes. The innovation 
attracted international recognition and earned 


significant financial rewards for the Corporation. 


Mark Tinkler, Scott McNabb, Ken Yiu, and Murray 
Mathers (Metallurgical Research) and Gil Poon 
(formerly of Metallurgical Research, now Production 
Branch) won the 1989 H.A. Smith Award for their 
development and field demonstration of a portable 
robotic system for in situ repair of cavitation damage to 


hydraulic turbine runners. 


Al Donner (Metallurgical Research) was awarded a 1989 
Director’s Award for his contribution to the 
development of innovative experimental facilities 
relating to loss of coolant accident (LOCA) simulations. 
Al’s role was to develop experimental techniques and to 


construct apparatus. 


Krish Radhakrishna, KC Lau, Bob Dowdell, and Bob 
Watts (Civil Research) were winners of a 1989 Director’s 
Award for their contribution to nuclear waste disposal 
research. The work attracted international acclaim and 
successfully resolved crucial questions relating to the 


design of waste disposal vaults. 


Ray Marttila (Electrical Research) won a 1989 Director’s 
Award for his contribution to the development of power 
system protection systems. Ray was instrumental in 
developing novel techniques for the analysis of 
impedance-based protection systems; the theory for the 
first system to completely protect the stator winding on 
thermal units; and the theory and subsequent 
implementation of a universal directional relay aid in 


the protection of heavily loaded lines. 


Craig Simpson (Divisional Projects) won the 
Presidential Award of the Canadian University-Industry 
Council of Advanced Ceramics (CUICAC). The award 
was for his contribution to the growth and well-being of 
the organization. Craig also served as chairman of 


CUICAC’s Business and Finance Committee. 


Miriam Mozes and Rene Mangal (Chemical Research) 
were awarded a 1989 New Business Ventures Excellence 
Award for contributing to Ontario Hydro’s 
international business. The SONOX process, which can 
be used for controlling SO, and NOx emissions in 
power plant flue gases, was invented by Miriam Mozes, 


Rene Mangal, and Raja Thampi. 


John Kuffel (Electrical Research) was awarded a 1989 
New Business Ventures Award for his proposal to 
design, procure, and commission a high-voltage test 
laboratory for the Jordanian Electricity Authority. 
Unfortunately, the proposal was deferred due to federal 
budget cuts. Nevertheless, NBV recognized John’s 
efforts and those of team members Ernie Jones and 
Jack Edgar. 


The publications produced in the Research Publications 
Office continue to attract the attention of the Society 
for Technical Communication (STC). Last year, the 
Services and Capabilities brochure won the Distinguished 
Award, the Research Annual and Chit Chat awards of 
excellence for writing and design, and the series of 
bookmarks, Hydrolines, was recognized by an Award of 
Achievement. Drafting’s input into the Research Annual, 
in the form of technical art, also received an 
Achievement award. The STC is the largest professional 
organization devoted to the arts and sciences of 


technical communication. 


Resources and Costs 


Occupational Classification of Staff 50-100 


Management & Professional (324) 
Technicians & Technologists (253) 


Support Staff (71) 


Total costs including those for space, materials, 


equipment, and work done ($M) 
Research Division OM&A (37.7) 
Revenue from work for other organizations (4.2) 


Transfers to other Ontario Hydro Branches (39.2) 


Proportions of Research Division Costs for 


Various Categories of Work (% of Total Costs) 10 
Testing (12) 
Consultation (4) 
Technical Investigation (12) 
Research & Development, Current Needs (35) 
Research & Development, Future Needs (19) 


General (18) 


Research Cost Breakdown 


by Major Resource Categories (% of Gross Costs) 10 
Salary and Benefits (57) 
Indirect Costs (20) 


Direct Costs to Projects (23) 


150 200 250 300 350 400 450 


1520-25 


Ib 20s 25 


30 35 40 45 50 55 


30 35 40 45 50 55 


Research Division’s Major Programs: 
Proportions by Actual Gross (%) Costs for 1990 


Utilization (8) 
Provides research and development (R&D), 
technological innovation, and technical support to 


improve power utilization. 


Electric Power Systems (6) 

Enhances operating efficiency and reliability of the bulk 
power system in the areas of generator and system 
controls, system protection, machine diagnostics, 


instrumentation, and reliability assessment. 


Transmission (12) 
Provides technological support and innovation directed 
toward improving the reliability of existing stations 


and lines. 


Distribution Systems (4) 
Provides innovations to improve Ontario’s distribution 


and retail delivery systems. 


Nuclear Generation (33) 
Provides R&D in support of the continued efficient, 
reliable, and safe operation of Ontario Hydro’s nuclear 


generating units. 


Nuclear Waste (4) 
Provides R&D to ensure the safe, long-term management 


of Ontario Hydro’s nuclear wastes. 


Thermal Generation (5) 

Provides R&D to assist the fossil-fuelled generating 
stations maintain and extend their reliable and efficient 
operation and helps them meet environmental 


regulations. 


Hydraulic Generation (2) 
Provides R&D to ensure the continued efficient 


operation of hydraulic generating stations. 


Environmental Impact (6) 
Provides a scientific understanding of the effects of 


Ontario Hydro’s operations on the natural environment. 


General Research (13) 
Provides general technical services to the Corporation in 
operations research, materials and equipment testing, 


and chemical analysis. 


External Research Support (3) 
Provides the Corporation with timely access to leading 
edge technology by involvement in collaborative R&D 


and support of external research organizations. 


Human Resource Development (4) - oe 
Maintains and develops the capability of the Research 


Division staff to perform work at a high performance level. 


& OM&A Funding (% of Gross Costs): the net cost to Ontario Hydro to 
operate, maintain, and administer the Research Division 


a] Gross Costs (%) 


Glossary 
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AECB 


ASHRAE 


BLIP 


CANDU 


CANMET 


CAP 


CbF 


CCE 


CEA 


CFFTP 


CIGAR 


CIGRE 


CILA 


CNC 


CUICAC 


DPD 


DSC 


EA 


EMB 


EMFRAP 


EPRI 


ETDF 


Atomic Energy Control Board 


American Society of Heating, 
Refrigerating, and Air-Conditioning 


Engineers 
Blister Location Inspection Package 
Canadian Deuterium Uranium (reactors) 


Canada Centre for Mineral and 


Energy Technology 
Cable Analysis Programs 
Capability Factor 


Canadian Committee on 


Electrotechnologies 
Canadian Electrical Association 


Canadian Fusion Fuels Technology 


Program 


Channel Inspection and Gauging 


Apparatus for Reactors 

Conference on Large Electrical Systems 
Canadian Industrial Laser Association 
Computerized Numerical Control 


Canadian University-Industry Council 


of Advanced Ceramics 
Divisional Projects Department 
Dry Storage Container 
Environmental Assessment 
Energy Management Branch 


Electric and Magnetic Fields Risk 


Assessment Program 
Electric Power Research Institute 


Electrochemical Testing and 


Development Facility 


GEMS 
GIS 
ICE 


IEEE 


IFTG 
IGCC 
IMPI 
LOCA 
LSDA 


MISA 


NDE 


NSERC 


OM&A 


OPGW 


OR 


PALC/AIM 


PIPE 
R&D 
SLAR 
STC 


SWORD 


TLRP 


VOCs 


WHMIS 


XIPD 


Generator Expert Monitoring System 
Gas-Insulated Switchgear 
Integrated Computing Environment 


Institute of Electrical and Electronics 


Engineers 

Irradiated Fuel Transport Container 
Integrated Gasification Combined Cycle 
International Microwave Power Institute 
Loss of Coolant Accident 

Limestone Dual Alkali 


Municipal and Industrial Strategy 
for Abatement 


Nondestructive Evaluation 


Natural Sciences and Engineering 


Research Council 


Operation, Maintenance, and 


Administration 


Fibre-optic Cored Overhead 
Ground Wires 


Operations Research 


Programmable Auxiliary Logic 
Controller/Analog Input Module 


Packaged Inspection Probe (system) 
Research and Development 

Spacer Location and Repositioning 
Society for Technical Communication 


Severe Weather Forecast and 


Detection System 


Transmission Line Refurbishment 


Program 
Volatile Organic Compounds 


Workplace Hazardous Materials 


Information System 


X-ray Induced Partial 
Discharge (system) 
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Publications 


Ahluwalia AK, Chan AM. 

Three-dimensional simulation of jet flow impacting 
onto a plate inside an enclosure. Proc of the 3rd Intl 
Conf on Simulation Methods in Nuclear Engineering, 
Montreal, PQ, April 18-20, 1990. 


Amm DE, Havard DG, Horrocks DE, Horrocks Du, 
Macedo FX. 

Development of a high voltage transmission line 
refurbishment program at Ontario Hydro. Proc of 
CIGRE, Paper No 22-201, Paris, France, August 26- 
September 1, 1990. 


Anandakumaran K, Stonkus DJ. 

Determination of PVC cable insulation degradation. 
Proc of the Soc of Plastics Engineers Conf, ANTEC 90, 
Dallas, TX, May 7-11, 1990. 


Anders GJ, Endrenyi J, Ford GL, Stone GC. 

A probabilistic model for evaluating the remaining 
life of electrical insulation in rotating machines. Trans 
on Energy Conversion of the IEEE Power Engineering Soc 
Winter Meeting, Atlanta, GA, February 4-7, 1990. 


Anders GJ, Endrenyi J, Pereira MV*, Pinto LM’, 
Oliveira CG*, Cunha SH*. 

Fast Monte Carlo simulation techniques for power 
system reliability studies. Proc of CIGRE, Paris, France, 
August 26-September 1, 1990. 


Anders GJ, Ford GL, Vainberg M, Arnot SJ, 
Germani MD. 
Grounding hazard risk assessment methods. Proc of 


~ the 4th Intl Conf on Short Circuits in Power Systems, Liege, 


Belgium, September 3-5, 1990. 


Anders GJ, Roiz JA*, Moshref A*. 

Advanced computer programs for power cable 
ampacity calculations. JEEE Computer Applications in 
Power 3(3):42-45, July 1990. 


Anderson HL: see Hanson WG et al, RamaniN et al 
Arnot SJ: see Anders GJ et al 


Arron GP. 

Translocation of uniconazole after trunk injection of 
silver maple saplings. J Plant Growth Regulation 9: 
141-146, 1990. 


Balbaa IS: see Oda Su et al 
Barber BT: see Oda SJ et al 
Barton RA: see Durham MD* et al 
Bechai M: see Dayal R et al 
Boyer AE: see Farzaneh M* et al 


Braun JM, Brown G. 

Operational performance of generator condition 
monitors: comparison of heated and unheated ion 
chambers. Proc of the IEEE Power Engineering Soc Winter 
Meeting, Atlanta, GA, February 49, 1990. 


*Denotes other than Ontario Hydro employee. 


Braun JM, Fujimoto N, Stone GC, Boggs SA’*, Addis G’, 
Diederich KJ*, Diessner A*, Luxa G*, Girodet A*. 
Long-term reliability of cast epoxy insulators in gas- 
insulated equipment. Proc of CIGRE, Paris, France, 
August 26-September 1, 1990. 


Braun JM, Rizzetto S, Fujimoto N, Diederich KJ*, 
Girodet A*. 

Behavior of GIS epoxy insulators with metallic 
inclusions. Proc of the IEEE Conf on Electrical Insulation 
and Dielectric Phenomena, Pocono Manor, PA, October 
28-31, 1990. 


Braun JM: see Fujimoto N et al, Stone GC et al 
Brennenstuhl AM: see Mcintyre NS* et al 


Brown D. 

Comparison of two methods of estimating the seed 
bank of a recently cleared right-of-way. Bull of the 
Ecological Soc of Am ’71(2):104, June 1990. 


Brown G: see Braun JM 


Brown RM*, Ogram GL, Spencer FS. 

Oxidation and dispersion of HT in the environment: 
the August 1986 field experiment at Chalk River. 
Health Phys 58(2):171-181, February 1990. 


Brown SK: see Mannik L 


Camacho F, Vascotto GL. 

Changes in precipitation patterns evident from 
Canadian climate records. Proc of the Inil & 
Transboundary Water Resources Issues, A Joint Meeting of 
the Am & Can Water Resources Assoc, Toronto, ON, 
April 1-4, 1990. 


Chan AM, Abdul-Razzak A*, Shoukri M’*. 
Two-phase flow regimes during the rewetting and 


refilling of hot horizontal tubes. Experimental Thermal 
and Fluid Science 3(5):330-337, May 1990. 


Chan AM, Bzovey D*. 

Measurement of mass of flux in high temperature 
high pressure steam-water two-phase flow using a 
combination of pitot tubes and a gamma 
densitometer. Nuclear Engineering and Design 122: 
95-104, 1990. 


Chan AM, Shoukri M*, Dundas M*. 

Minimizing temperature measurement errors in 
solids using a thermocouple-plug assembly. Proc of the 
9th Intl Heat Transfer Conf, Jerusalem, Israel, August 
19-24, 1990. 


Chan AM: see Ahluwalia AK, Dowlati R* et al 
Chan HT: see Wang Zhao Jing* 

Cheung RW: see Dick EP et al 

Chu FY: see Mayer P et al, Vieira CS* 

Cilic RM: see Mayer P et al 


Clark MA: see Westwood Hu et al 


Claudi R, Evans DW. 

Chemical addition strategies for zebra mussel control 
in once-through cooling systems. Proc of the EPRI Intl 
Macrofouling Symp, Orlando, FL, December 4-6, 1990, 


Cress SL, Motlis J. 

Temperature rise of submarine cables on riser poles. 
Trans on Power Delivery of the IEEE Summer Power 
Meeting, Minneapolis, MN, July 17, 1990. 


Culbert IM: see Stone GC et al 
Cuthbert DF: see Young Du et al 


Dandeno PL*, Service JR. 

Experience with translation of turbogenerator 
operational test data, and corresponding D & Q axis 
stability models, into standard inductance and time 
constant forms. Proc of the 10th Power Systems 
Computation Conf, Graz, Austria, August 19-24, 1990. 


Dawson CW: see Durham MD* et al 


Dayal R, Zhou Z*. 
Characterization and leaching studies of FGD waste 
by-products. Waste Management 10:53, 1990. 


Dayal R, Zhou Z*, Bechai M, Klein R. 

Bedrock gypsum dissolution studies at Ontario 
Hydro’s R.H. Saunders GS. Proc of the 43rd Can 
Geotechnical Conf, Québec City, PQ, October 10-12, 
1990. 


Desai YM*, Popplewell N*, Havard DG, Shah AH*. 
Static and dynamic behavior of mechanical 
components associated with electrical transmission 
lines - III(B). Shock & Vibration Digest 22 (3):3-10, 
March 1990. 


Dhirani H: see Stone GC et al 
Di Blasio E: see Mayer P et al 


Dias SA, Nott BR. 

Selective sorbents for water purification in nuclear 
systems. Proc of the 51st Intl Water Conf, Pittsburgh, PA, 
October 21-24, 1990. 


Dick EP, Cheung RW, Porter JW. 

Generator models for overvoltage simulations. Trans 
on Power Delivery of the IEEE Power Engineering Soc Winter 
Meeting, Atlanta, GA, February 49, 1990. 


Dick EP, Gupta BK, Porter JW*, Greenwood A‘. 
Practical design of generator surge protection. Trans 
on Power Delivery of the IEEE Power Engineering Soc Winter 
Meeting, Adanta, GA, February 4-7, 1990. 


Dowlati R*, Kawaji M*, Chan AM. 
Pitch-to-diameter effect on two-phase flow across an 
in-line tube bundle. AIChE J 36(5):765-772, May 1990. 


Dunstall TG, Carter JCH*, Monroe BP*, Haymes GT, 
Weiler RR*, Hopkins Gu’. 

Influence of upwellings, storms and generating 
station operation on water chemistry and plankton in 
the Nanticoke region of Long Point Bay, Lake Erie. 
Can J Fish Aquat Sci 47(7):1434-1445, 1990. 


Dunstall TG, Lawler DW, Farooqui R, Haymes GT. 
Variation in lake water temperature in the Long 
Point Bay region of Lake Erie during the open-water 
season. Can J Fish Aquat Sci 47(7):1427-1433, 1990. 


Durham MD’, Holstein D*, Rhudy RG’, Altman RF*, 
Burnett TA*, DeGuzman J*, Hollinden GA*, 

Barton RA, Dawson CW. 

Effects of coal chloride and spray dryer operating 
variables on particle cohesion and resistivity in 
downstream ESPs. Proc of the EPRI/EPA SO, Control 
Symp, New Orleans, LA, May 8-11, 1990. 


Durham.MD*, Rhudy RG*, Burnett TA*, DeGuzman Ayes 
Hollinden GA*, Barton RA, Dawson CW. 
Identification of low-resistivity reentrainment in ESP’s 
operating in dry scrubbing applications. Proc of the 8th 
Symp on the Transfer & Utilization of Particulate Control 
Technology, San Diego, CA, March 20-24, 1990. 


Dyck RW, Marchand A*, Spekkens P, Verma K’*. 
Operational experience with steam generators in 
Canadian nuclear power plants. Proc of the CNS/ANS 
Conf on Steam Generators & Heat Exchangers, Toronto, 
ON, April 30-May 2, 1990, 


Endrenyi J: see Anders GJ et al, Salvaderi L* et al 


Evans DW, Nott BR. 

Treatment and disposal of steam generator and heat 
exchanger chemical cleaning wastes. Proc of the Waste 
Management Conf, Tucson, AZ, February 25-March 1, 

1990. 


Evans DW: see Claudi R 
Farooqui R: see Dunstall TG et al 


Farzaneh M*, Druez J*, Melo OT, Boyer AE. 

Current studies in insulator wetting and icing by fog 
accretion. Proc of the CEA EO Division Spring Meeting, 
Montreal, PQ, March 26, 1990. 


Fleck RG: see Perovic V et al 
Ford GL: see Anders GJ et al 
Frost CR: see Konecny L et al 


Fujimoto N, Rizzetto S, Braun JM, Stone GC. 
Characteristics of ultra low level partial discharges in 
GIS epoxy insulators. Proc of the 6th Intl Symp on 
Gaseous Dielectrics, Knoxville, TN, September 23-27, 
1990. 


Fujimoto N: see Braun JM et al 
Gaikwad RP: see Mozes MS et al 
Germani MD: see Anders GJ et al 


Gierszewski PJ, Davidson CM*, Drexler Du*, 

Headon AC, Kirk DW’. 

Preliminary measurements of materials compatibility 
with LiOH and LiNO, aqueous salt solutions at under 
100°C. Fusion Engineering and Design 13:53-57, 1990. 
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Gonzalez F, King PJ. 

Corrosion performance of alloy 800 tubing under 
CANDU steam generator conditions. Proc of the Intl 
Symp, FONTEVRAUD IT, Royal Abbey of Fontevraud, 
Chinon, France, September 10-14, 1990. 


Gonzalez F, Pagan SM. 

Hideout return studies in CANDU steam generators. 
Proc of the CNS/ANS Conf on Steam Generators & Heat 
Exchangers, Toronto, ON, April 30-May 2, 1990. 


Griffin JD. 

Impact of power electronics on a large power system - 
power quality degradation and related effects. Proc of 
the IERE Workshop on Applications of Power Electronics to 
Power Facilities, Tokyo, Japan, September 11-14, 1990. 


Gupta BK, Lloyd BA, Sharma DK. 

Degradation of turn insulation in motor coils under 
repetitive surges. Trans on Energy Conversion of the 
IEEE Power Engineering Soc Winter Meeting, Atlanta, GA, 
February 4-8, 1990. 


Gupta BK; Nilsson NE*, Sharma Dk*. 

Protection of motors against high voltage switching 
surges. Trans of the IEEE PES - Intl Power Meeting, New 
Delhi, India, October 28-November 1, 1990. 


Gupta BK, Stone GC. 

Partial discharge monitoring in instrument 
transformers. Proc of the EPRI Workshop on Failed High 
Voltage Instrument Transformers, Palo Alto, CA, August 
23-27, 1990. 


Gupta BK: see Dick EP et al, Stone GC et al 


Hanson WG, Anderson HL, Ramani N, Zbroja S, 
Patrick PH. 

Neural network monitoring in CANDU nuclear 
power stations. Proc of the Neural Networks Conf, 
London, England, November 19-21, 1990. 


Hanson WG: see Ramani N et al 


Havard DG, Pon Cu. 

Use of detuning pendulums for control of galloping 
of single conductor and two- and four-conductor 
bundle transmission lines. Trans of the 5th Intl 
Workshop on Atmospheric Icing of Structures, Tokyo, 
Japan, October 29-November 1, 1990. 


Havard DG: see Amm DE et al, Desai YM* et al 
Haymes GT: see Dunstall TG et al 

Headon AC: see Gierszewski Pu et al 
Holzhueter IB: see Schumacher LC et al 


Hooton RD, Konecny L. 
Permeability of grouted fractures in granite. Concrete 
Intl 12('7):48-56, July 1990. 


Horrocks DE: see Amm DE et al 
Horrocks DJ: see Amm DE et al 


Husain A. 

A simple relationship between radiographic film 
density and film exposure. Materials Evaluation 
(11):1285, October 1990. 


Husain A: see Krasznai JP © 
Jhajj IS: see Jones WR et al 


Jones WR, Jhajj IS, Gough BD*. 

Improved modelling of residential thermal envelope 
for energy conservation upgrade assessment. Proc of 
the ACEEE Summer Study on Energy Efficiency in 
Buildings, Pacific Grove, CA, August 26-September 1, 
1990. 


Jones WR, Wong MT“, Jaisareesingh J*. 

Residential thermal comfort and ventilation 
effectiveness in a full-scale test room. Proc of the 5th Intl 
Conf on Indoor Air Quality and Climate, Toronto, ON, 
July 29-August 3,-1990. 


King PJ: see Gonzalez F 


Kjartanson BH*, Radhakrishna HS, Lau KC. 
Geotechnical instrumentation for in situ assessment 
of bentonite-sand buffer. Proc of the Ist Biannual 
Environmental Specialty Conf, Can Soc for Civil Engineers, 
Hamilton, ON, May 16-18, 1990. 


Klein R: see Dayal R et al 


Konecny L, Mukherjee PK, Frost CR. 
Leaching of concrete. Proc of the Advances in 
Cementitious Materials Conf, Am Ceramic Soc Inc, 
Gaithersburg, MD, July 23-26, 1990. 


Konecny L: see Hooton RD, Mukherjee PK 
Kramer SM: see O’Brien MS* et al 


Krasznai JP, Husain A. 

Radioactive incinerator ash —- a mixed waste. Proc of 
the 2nd Intl Seminar on Radioactive Waste Products, 
Julich, Germany, May 28-June 1, 1990. 


Kuffel J, Malewski R*, Van Heeswijk RG*. 

Modelling of the dynamic performance of transient 
recorders used for high voltage impulse tests. Trans on 
Power Delivery of the IEEE Summer Power Meeting, Minneapolis, 
MN, July 17, 1990. 


Lau KC: see Kjartanson BH* et al 
Lawler DW: see Dunstall TG et al 


Lawson WHS. 
Welding in electric utilities. Can Welder & Fabricator 
81(7-8):79-83, July-August 1990. 


Lee WK: see Scarth DA 


Lenarduzzi FJ. 

A direct expansion ground source heat pump with 
spiral ground coil. Proc of the 3rd Intl Workshop on 
Research Activities on Advanced Heat Pumps, Graz, 
Austria, September 24-26, 1990. 


Lloyd BA: see Gupta BK et al, Stone GC et al 
Lyles JF: see Stone GC et al 
Macedo FX: see Amm DE et al 


Mangal R: see Mozes MS et al 
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Mannik L, Brown SK. 

A relationship between laser power, penetration 
depth and welding speed in the laser welding of 
steels. / Laser Applications 2(3 8& 4):22-25, 
Summer/Fall 1990. 


Manolescu AV: see Mayer P 


Mayer P. } 

Boiler tube failure mechanism recognition — an 
expert system. Can Institute of Mining and Metallurgy 
Bull 83 (939) :92-95, July 1990. 


Mayer P, Di Blasio E, Cilic RM, Chu FY. 

Materials characterization techniques for high 
temperature superconductors. Ceramica Acta 2(50): 
1-15, July 1990. 


Mayer P, Manolescu AV. . 

Oxidation of boiler tubes in steam. Proc of the Intl Symp 
on High Temperature Oxidation and Sulphidation 
Processes, August 26-30, 1990. 


Mcintyre NS*, Weisener CG*, Davidson RD*, 

Lennard WN*, Massoumi GR*, Mitchell IV*, 
Brennenstuhl AM, Warr BD. 

Analysis of zirconium-niobium pressure tube surfaces 
for hydrogen using secondary ion mass spectrometry 
(SIMS). Surface and Interface Analysis 15, 1990. 


Melo OT: see Farzaneh M’ et al 
Morandin GD: see Sauvé RG et al 
Motlis J: see Cress SL 


Mozes MS, Gaikwad RP, Mangal R. 

Activation and recycling of waste from in-furnace 
slurry injection process for SO: control. Proc of the 
EPRI/EPA SO, Control Symp, New Orleans, LA, 
May 8-11, 1990. 


Mukherjee PK. 

Monitoring concrete quality of a nuclear 
containment structure. Proc of the RILEM Workshop on 
Testing During Concrete Construction, Darmstadt, 
Germany, March 5, 1990. 


Mukherjee PK. 

Quality control and specifications of supplementary 
cementing materials through standardization. Proc of 
the 13th Workshop on Advanced Cements, Canadian 
University-Industry Council on Advanced Ceramics, 
Toronto, ON, June 45, 1990. 


Mukherjee PK: see Konecny L 
Nadeau E: see Sauvé RG et al, Scarth DA et al 


Narang A. 
Detailed transformer model for EMTP, part II: 
magnetic model. EMTP Review 4(2), April 1990. 


Nott BR: see Dias SA, Evans DW 


O’Brien MS*, Sinclair AN*, Kramer SM. 

High resolution deconvolution using lease-absolute- 
values minimization. Proc of the IEEE Ultrasonics Symp, 
Honolulu, HI, December 3-7, 1990. 


Oda SJ. 

Utility-sponsored industrial microwave application: 
accelerated slipcasting and drying of ceramics. Proc of 
the Intl Microwave Power Symp, Denver, CO, 

August 25-27, 1990. 


Oda SJ, Balbaa IS, Barber BT. 

The development of new microwave heating 
applications at Ontario Hydro’s Research Division. 
Proc of the Materials Research Soc Spring Meeting 
Microwave Symp, San Francisco, CA, April 16-21, 1990. 


Oda SJ, Balbaa IS, Woods BG, Barber BT. 
Drying of clay and ceramic bodies. Proc of the CCE 
Conf, Calgary, AB, April 2-3, 1990. 


Ogram GL: see Brown RM* et al 
Pagan SM: see Gonzalez F 
Patrick PH: see Hanson WG et al, RamaniN et al 


Perovic V, Weatherly GC*, Fleck RG. 

C-component dislocations in sub-boundaries in a 
Zr-2.5 wt% Nb alloy. J Nuclear Materials 171:327-338, 
1990. 


Pon CJ: see Havard DG 
Porter JW: see Dick EP et al 
Radhakrishna HS: see Kjartanson BH’ et al 


Ramani N, Patrick PH, Hanson WG, Anderson HL. 
Fish detection and classification using a neural 
network based active sonar system — preliminary 
results. Proc of the Intl Joint Conf on Neural Networks, 
Washington, DC, January 15-19, 1990. 


Ramani N: see Hanson WG et al 
Rizzetto S: see Braun JM et al, Fujimoto N et al 


Rodgers DW, Schroder JU, Craig GR*, Jonczyk E*. 
Comparing toxicity — QA/QC aspects of Ontario 
Hydro’s MISA bioassays. Proc of the 17th Annual 
Aquatic Toxicity Workshop, Vancouver, BC, 
November 5-7, 1990. 


Salvaderi L*, Allen R*, Billinton R*, Endrenyi J, 
McGillis D*, Lauby M*, Manning P*, Ringlee R*. 
State of the art of composite-system reliability 
evaluation. Proc of CIGRE, Paris, France, 
August 26-September 1, 1990. 


Sato JA: see Vecchio FJ* 


Sauve RG: 

Theory and application of CDEPTH. Proc of the 
Seminar on Creep/GrowthTechnology, AECL CANDU- 
Operations, Oakville, ON, June 22, 1990. 


Sauveé RG, Morandin GD, Nadeau E. 

Impact simulation of liquid-filled containers 
including fluid-structure interaction. Part I - theory, 
part II - experimental verification. Proc of the ASME 
Pressure Vessel & Piping Conf, Nashville, TN, 

June 17-21, 1990. 
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Sauvé RG: see Scarth DA et al 


Scarth DA, Lee WK. 

The fatigue behaviour of hydrided Zr-2.5 wt% Nb 
pressure tube material. Proc of the 4th Intl Conf on 
Fatigue and Fatigue Thresholds, Fatigue 90, Honolulu, 
HI, July 15-20, 1990. 


Scarth DA, Sauvé RG, Nadeau E. 

Assessment of the structural integrity of CANDU 
Zr-Nb pressure tubes for the fuel channel spacer 
repositioning operation. Proc of the ASME Pressure 


Vessel and Piping Conf, Nashville, TN, June 17-21, 1990. 


Schroder JU: see Rodgers DW et al 


' Schumacher LC, Holzhueter IB, Hill IR*, Dignam Mu*. 
Semiconducting and electrocatalytic properties of 


sputtered cobalt oxide films. Electrochimica Acta 
35 (6) :975-984, 1990. 


Schumacher LC, Mcintyre NS*, Mamiche-Afara S”*, 
Dignam MJ*. 

Photoelectrochemical properties of indium doped 
iron oxide. J Electroanal Chem 2'77:121-138, 1990. 


Sedding HG: see Stone GC et al 
Service JR: see Dandeno PL* 

Sharma DK: see Gupta BK et al 
Sidey D: see Westwood Hu et al 


Sim SH, Templeton JG*. 
Further results for the M/M(a,°°) /N batch-service 
system. Queueing Systems 6:277-286, 1990. 


Spekkens P: see Dyck RW et al 
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Research Annual 90 


Significant Research Contribution 


Ontario Hydro is developing a dry storage container 
(DSC) for the interim on-site storage and eventual 
transportation of used fuel from the Pickering NGS to 
future off-site disposal facilities. The Research Division 
is providing technical support to the Nuclear 
Engineering Department to ensure that the container 
can safely fulfill this purpose. Research and 
development (R&D) support has been considerable; 
enough to merit the program’s choice as the 1990 


Research Annual’s Significant Research Contribution. 


The DSC is essentially a double-walled steel container 
that utilizes reinforced high-density concrete, 

for strength and radiation shielding. A lid of 

similar construction is welded to the container. Civil 
Research Department developed and tested the 
concrete to optimize the density and high strength 
needed for radiation shielding and structural integrity. 
Coatings to protect the steel from corrosion and to 
facilitate decontamination procedures are being 
developed in the Chemical Research Department. 
Metallurgical Research Department performed 
extensive testing to assess various welding processes, 
inspection techniques, and remote welding technology. 
This work will assist in the selection of the most suitable 
weld joint design and in the preparation of technical 
specifications for the lid closure welding system and 


facility to be installed at Pickering NGS. 


Mechanical Research Department took on the 
responsibility of performing the required AECB 
licensing tests. To meet the transportation 
requirements, the container must be able to survive 
severe impact followed by exposure to intense fire 
without escape of radioactive material or gases. To 
reduce costs, scale models were constructed, and these 
were extensively tested to gain an understanding of the 


container’s performance. 


AECB transportation regulations specify that the DSC 
be subjected to a minimum of two drops: one from a 
height of 9 m onto a flat, unyielding surface, and 
another from | m onto a solid steel bar projection. 
During the tests, accelerometers measured the impact 
acceleration of the container’s body, and strain gauges 
the outer surface strain. The DSC was tested between 
drops for cracks and leakage. Additionally, analytical 
modelling was developed to emulate the container’s 
structural integrity during impact. Drop test results 
from the quarter-scale model have been compared to 
analytical results to validate the structural response of 
the full-scale DSC. 


Fire testing of the quarter-scale model was carried out 
by igniting the DSC with kerosene and engulfing it in 
flames for 30 minutes at 800°C. Temperature and 
pressure measurements as a function of time were taken 
both during and after the fire test for a period of 23 
hours. Fire test results demonstrated that the integrity 
of the DSC model was maintained and that the DSC 


survived postulated accident conditions. 


Half-scale drop tesis similar to those performed on the 
quarter-scale model are scheduled during 1991. These 
tests will be crucial to attaining the AECB Design 


Approval Certificate. 


The development of the DSC involved many experts 


from several disciplines within Ontario Hydro. 
Here at Babcock & Wilcox’s fabrication plant in 
Cambridge, where the half-scale model was 
assembled, are some of the Research Division 
team members (from left to right) Jack Lee, 
Dimitrios Taralis, P K Mukherjee, and Peter Maak. 
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